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Preface 


Handbook of Analytical Chemistry is intended for scientific workers, 
and chemistry students in universities, polytechnics, and technical 
colleges. It can be used in solving various problems (both calculating 
and experimental) concerning general chemistry, analytical chemistry, 
chemical technology, and so forth. 

The tables of solubility products, of ionization constants of weak 
acids and bases, and of oxidation-reduction potentials have been 
drawn up according to recent data. When those tables were being 
drawn up, the following works were used: J. Bjerrum, G. Schwarzen- 
bach, L. G. Sillén, Stability Constants of Metal-ion Complexes, with 
Solubility Products of Inorganic Substances, London, 1958; W. M. Lati- 
mer, The Oxidation States of the Elements and Their Potentials in 
Aqueous Solutions, N.Y., 1952; N. V. Axelrud and Ya. A. Fialkov, 
Ukrainskii khimicheskii shurnal, 16, 75, 283, 296 (1950), and other 
articles from Soviet and foreign journals. 

As wo know, tho results publishod by various authors concerning 
the determination of given quantities greatly differ from one another. 
It is thorefore oxtromely difficult to select the “most probable” value 
of every constant. There is no international] body to annually publish 
such “most probable” values of tho givon constants, as is done, for 
instance, by the International Commission concerning atomic weights. 
Tho selection I have made from numerous literary data is therefore 
inevitably subjective. I will be very grateful for information pointing 
out cases when this selection was made incorrectly, and will take 
account of such comments in the subsequent publications of the 
book. 

The tables of the densities and concentrations of various acids and 
basos are drawn up for 20°C. 

The temperature values in all tables are given in degrees Celsius (°C). 

Tables 22, 32, 33, 34B, 35, 39, 47, 48, 51-55 have been compiled 
by P. K. Agasyan, docent of the analytical chemistry department of 
the Moscow State University. 
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Instead of the ordinary table of five-place logarithms, a “simplified” 
table of five-place logarithms and antilogarithms is given at the end 
of the book. It takes up the same space as the tables of four-place 
logarithms, because instead of the real values of the differences be- 
tween mantissas, their mean values are given for every line of the 
table. Errors that arise when using this table are not over 0.Q0Q002, 
The other tables in the handbuok give exact values of the live-place 
mantissas of logarithms. 

Ju.Ju. Lurie 


Preliminary Remarks 


The numerical expression of the results of weighings and other 
measurements, and the subsequent calculations with these numbers 
Necessitate a strict observance of several rules. 

Rule 1. All numerical values, whether they are obtained directly 
by measurements or whether they are the derivatives of these measurements, 
must have a certain number of significant digits so that the last figure 
alone is questionable, the second-last figure must be accurate. 

For instance, the number 20.24 (ml), which expresses the reading 
of an ordinary burette, contains a proper number of figures, since 
figure 4 was obtained by an approximate (visual) estimate of the 
distance between the edge of the meniscus and the nearest scale divi- 
sion. Consequently, this figure is dubious: another observer could 
read the measurement of the burette as 20.23 or 20.25 ml. If upon 
measuring the solution by a burette, the lower boundary of the menis- 
cus exactly touches the scale division showing 15 ml, the measurement 
result must be expressed by the number 15.00 (ml), since the observa- 
tion error is not over 0.01-0.02 ml. Both zeroes in the number 
15.00 (ml) will be significant digits. The zeroes standing at the begin- 
ning of the number before the first figure which is not a zero are not 
regarded as significant digits. Hence, the number expressing the 
mass of the filter ash 0.00004 (g) contains only one significant digit: 4. 

If the mass is determined in grams and expressed by the number 
23.4 (g) in which the last figure is inaccurate, in order to represent 
this mass in milligrams one must write not 23 400 mg, which would 
give a wrong idea about the accuracy of the weighing, but 234-10? mg, 
or 2.34-10/ mg. 

Rute 2. When discarding the last figure if it is equal to or more 
than 5, the preceding figure must be increased by unity. 

Thus, in discarding the last figure in the number 16.236, we 
obtain 16.24. 

Rule 3. Upon addition (and subtraction) of several numbers, there 
will remain, as a result of calculation, a certain number of figures after 
the point that are in the addend with the least number of decimals. 

Rule 4. Upon multiplication or division, the marimum relative 
error of the product or quotient cannot be less than the relative error in the 
least accurate number from the numbers taken. 

Relative errors are usually expressed in per cent: it is the ratio 


of the maximum possible error of the number to the number itself 
multiplied by 100. 
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If, for instance, it is necessary to multiply 0.0123 -24.62 -1.07461 
and if it is taken that the maximum absolute error in each of these 
numbers is not over unity in the last figure, then the corresponding 
relative errors will be: 


1 
133 100 =0.89% 
1 
x7g5 100= 0.04% 
1 


The first number has the greatest relative error (0.8%). It follows 
that the maximum relative error is not less than 0.8 per cent in the 
product as well. If the first three significant digits 0.325 are kept in 
the product, the last digit will already be inaccurate, since 0.8 per 
cent from 0.325 comes to about 0.003. 

In cases when rule 1 is observed, i.e., when all numbers used in 
the calculation contain not more than one inaccurate figure, it is 
possible to apply the more simple (although less accurate) rule 4,a- 

Rule 4,a. Upon multiplication and division, asa result of calcula- 
tion, it is necessary to keep a certain number of significant digits which 
are in the number having these digits least of all among the numbers use 
in the calculation. 

In the example given above, the first cofactor has three, the second 
has four, and the third has six significant digits. Consequently, w® 
must leave in the product three significant digits and discard tho rest; 
the result will be 0.325. 

Rule 5. In all the intermediate results, it is necessary to keep one 
figure more than is required by the preceding rules. In the final result, 
this “reserve figure” is discarded. 

Rule 6. If some data have more decimals (upon addition and subtrac- 
tion) or more significant digits (upon multiplication and division) than 
others, they must first be rounded, keeping one extra figure (see rule 5). 

Rute 7. Upon multiplication and division with the aid of logarithms, 
it is sufficient to have as many figures in the mantissas as there are signt- 
ficant digits in the least accurate multiplier. 

Therefore, for most calculations, we can confine ourselves to the 
logarithmic table on page 448 of this book. 

Together with an excessive as well as an unsubstantiated accuracy 
of calculations (a long series of figures after the decimal point, when 
already the first one of them is dubious, the use of multi-place loga- 
rithmic tables, and so forth), another error is very common: the 
unnecessary accuracy of individual measurements that leads to the 
finding of figures which in any case will be discarded upon subsequent 
calculations (if these calculations are made correctly). 

Analytical chemists, for instance, have grown accustomed to 
making all weighings on an analytical balance with an accuracy o 
up to 0.0001 g, and they spent much time sitting by the balance, 
determining the correct figure in the fourth decimal. At the same 
time, this accuracy is often pointless. Here are a few examples: 
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1. Antimony is determined in red copper in which the Sb content 
is not more than 0.003%. For analysis, a portion of copper weighin 
10 gis taken. With what accuracy must the copper shaving be wei hed? 

The result obtained must have not more than two significant 
digits, since copper containing even 0.0031% Sb must be discarded. 
Great accuracy is not needed, and in essence it is unattainable by the 
analytical methods used. Hence, the maximum absolute error in the 
final result is +0.00019%, which makes up +3.3% of the maximum 

ermissible Sb content in the metal. The calculation is made by the 
ormula 
a-100 ,, 
az 
where a = antimony content found; 
g = weighed portion. 

If a weighed portion of copper is taken with an accuracy of up 
to one-tenth of a gram (++0.1 g), then with respect to the entire portion 
weighing 10 g, ‘the relative error will be +1%, which is far less than 
+3.3%. In other words, if instead of 10 g of ponies 9.9 g or 10.1 g 
are weighed, then with a Sb content of 0.30 mg, this will give, in the 
first case, 0.00303% and, in the second case, 0.00297%, which in 
both cases will be rounded off to 0.0030%. It follows that a weighing 
can be made on technical scales with an accuracy of up to 0.1 g. 

2. The accuracy of the colorimetric methods of analysis (if the 
optical density of solutions is measured visually and not photocolori- 
metrically or spectrophotometrically) is usually not over +5% of the 
relative errors, while by some other methods, the relative error comes 
to +-10% and more. According to rule 4, the accuracy of the result 
cannot be higher than the accuracy of the least accurate measurement, 
and therefore, no matter how accurately a test is weighed for analysis, 
if this analysis ends with a colorimetric determination, the accuracy 
of the results will not be higher than the aforementioned +5%. It 
follows that if 1 g of a test is weighed with an accuracy of +0.01 g, 
i.e., with a maximum relative error of +1%, this accuracy is high 
enough. 

Visual colorimetric methods are used only to determine the compo- 
nents contained in very small amounts in the substance being analysed, 
when a great relative error is permissible in the result obtained. The 
determination of iron in iron ore by the visual colorimetric method 
leads to impermissible errors. 

Note. It must not be assumed that, in determining small amounts, 
the colorimetric methods of analysis are less accurate than 
other methods. On the contrary, if in the preceding example 
Sb is determined not by the colorimetric method (as is 
usually done), but by the gravimetric method, we would 
have to weigh about 0.0003 g of Sb.0,, which on an ordinary 
analytical balance can scarcely be made with a maximum 
error less than -+30% of the relative errors. In addition, 
no account is taken of the inevitable significant error due 
to impurities present in the calcined precipitate, an error 
which ee be eliminated even shen a microbalance 
is used. 
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3. In the calculation of the results of volumetric-analytical deter- 
minations, the least accurate figure is the number of millilitres of 
a titrating solution used for titration. Since the hundredth parts 
of a millilitre are marked approximately, it can be accepted that the 
maximum measurement error is not less than +-0.02 ml. The error 
due to the remaining residue is also +0.02 ml. Therefore, the overall 
error can be as much as 0.04 ml*. With the total expenditure of 20 ml 
of the titrating solution, this will come to 0.29% of the relative errors. 
It follows that, taking 1 g for analysis, the weighing can be performed 
with an accuracy of up to | mg. This gives a relative error of +-.U.5 mg, 
or 0.05%. If less than 20 ml of the titrating solution are used for 
titration, less accuracy is needed in taking a weighed portion. 

On the other hand, the weighing of a starting substance for esta- 
blishing the titre must be performed with an accuracy of up to unity 
in the fourth decimal, since in this case a portion weighing only about 
0.2 g is taken and about 40 ml of the titrating solution are used for 
titration. 

If one wishes to increase the accuracy of the volumetric-analytical 
methods, one must use gravimetric burettes instead of ordinary ones,* * 
which completely precludes errors due to inaccurate measurement, 
remaining residue and a difference in temperature. The weighing 
of a samplo now becomes a less accurate operation, and it should be 
performed with a relative error which is determined by the accuracy 
required in the final result (+0.019% and less). 

The foregoing should not lead to the conclusion that the weighed 
portion can always be taken with an accuracy of -+-1 mg or less. On the 
contrary, there are some analytical operations when the entire accuracy 
of an analytical balance must be used, and when even the accuracy 
of a microbalance is not high enough. Here are two at ae 

4. Red electrolytic copper must contain 99.95% of Cu. The analy- 
tical determination of Cu in this case is made by electrolysis. What 
accuracy must the weighing be made with? 

The error in the final result, expressed in per cent, must not be 
more than +0.004%. It is apparently necessary to have no lesser 
accuracy in weighing a test of red copper as in weighing a platinum 
electrode before and after Cu is deposited on it. If one gram of a test 
is taken for an analysis, then, with the maximum accuracy of the 
weighing on an analytical balance being +0.2 mg, the relative error 
will be +0.02%, which is far more than is permissible. Therefore, 
in the given case, it is necessary to use a balance that is more accurate 
than the ordinary analytical one, or (as is usually done) to take not 
less than 5 g of the substance being analysed. 

o. Suppose that for determining Zn in a copper-zinc alloy contain- 
ing about 20% of Zn, a portion weighing 0.02 g is taken, whether 
owing to the small amount of shavings which an analyst has or with 
due regard to some advantages in the techniques of working with 
small amounts of a substance. The analysis is concluded by weighing 


* See I. M. Koltgof and E. B. Sendel, Kolichestvennyi analiz (Quantitative 
Analysis), Moscow, 1948, p. 459. 

** See, for instance, I. M. Koltgof and E. B. Sendel, Kolichéstvennyi analiz 
(Quantitative Analysis), Moscow, 1948, p. 561, I. M. Koltgof and V. A. Sten- 
ger, Ob’emnyi analiz (Volumetric Analysis), Vol. II, Moscow, 1952, p. 25. 
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the precipitate in the form of Zn,P,07. What accuracy must the 
weighing be made with? 

The result of the analysis must be expressed with an accuracy 
of up to a hundredth part of a per cent (for instance, 19.84%), i.e., 
with a permissible error of +0.01% of the absolute errors; since 
the Zn content is 20%, this will come to +0.05% of the relative 
errors. The same accuracy must be obtained when weighing the portion 
of shavings and the calcined precipitate Zn,P,07. When a portion 
weighs 20 mg, the value +0.05% comes to +0.01 mg; the same per- 
centage of the mass of the calcined precipitate (~8 mg) is still less, 
being about -0.004 mg. A microchemical balance gives an error 
of about +0.01 mg. It follows that, in the given case, the weighing 
performed even with a microchemical balance does not ensure the 
required accuracy. 


Table 1 


Atomic Weights of the Elements 


The atomic weights of various elements are determined with 
different accuracy which is expressed by a different number of figures 
after the decimal point. When the number expressing atomic weight 
ends with one or several zeroes, the latter are significant digits showing 
the accuracy with which the atomic weight of the corresponding ele- 
ment is determined (see rule 1, p. {1 . 

The results of chemical analyses must not be expressed with a preci- 
sion greater than that of the atomic weight. This limitation must 
be especially reckoned with when determining some platinum and 
rare-earth elements, and also rhenium. . 

The table contains relative atomic weights published by the Com- 
mission on Atomic Weights of the International Union of Pure and 
Applied Chemistry (IUPAC) in 1965. : 

The Commission adopted a resolution whereby the old “oxygen 
chemical unit” of atomic weights (1/16 of the average atomic weight 
of the natural isotopic mixture of oxygen atoms) is replaced by the 
“carbon physical unit” (1/12 of the atomic mass of the carbon iso- 

12 

ee al the elements, besides those given below, the number expres- 
sing the atomic weight is given with an error not exceeding +0.5 in 
the last digit after the decimal point. The deviations of the atomic 
weight values for the given six elements are as follows: boron 
+0.003; hydrogen +0.00001; oxygen +0.0001; silicon +0.001; 
sulphur -+0.003; carbon 0.00005. These deviations are due to 
variations in the natural isotopic composition of the elements. 

Owing to the experimental inaccuracies in the determination of the 
atomic weights of the six elements listed below, their values deviate 
within the following limits: bromine +0.001; iron +0.003; copper 
+-0.001; silver +0.001; chlorine 0.001; chromium -+0.001. 

The atomic weights of radioactive elements are given only for 
thorium and uranium; for other radioactive elements, the mass number 
of the isotope with the longest half-life is given in square brackets. 


Atomic 
weight, a 


Atomic 


Element | Symbol | number log a 


ni Ac 89 [227] 35 603 
ea Ag 47 107.868 | 03 289 
Aluminium Al 13 26 .9815 43 106 
Americium Am 95 [243] 38 561 
Argon Ar 18 39 948 60 150 
Arsenic As 33 74.9216 87 461 
Astatine At 85 [210] 32 222 
Gold Au 79 196 .967 29 440 
Boron B 5 10.8411 03 387 
Barium 56 137 .34 13 780 
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Table { (continued) 


Element Symbol sth ent lopeou 
Beryllium Be 4 9.0122 95 483 
Bismuth Bi 83 208 .98U 32 010 
Berkelium Bk 97 [247] 39 620 
Bromine Br 35 79.904 90 257 
Carbon C 6 12.01115 | 07 958 
Calcium Ca 20 40.08 60 293 
Cadmium Cd 48 11° .40 05 077 
Cerium Ce 98 140.12 14 650 
Californium Cf 98 [252] 41 040 
Chlorine Cl 17 35.453 904 965 
Curium Cm 96 [247] 39 270 
Cohalt Co 27 58 .9332 77 036 
Chromium Cr 24 51.996 71 (597 
Caesium Cs 55 132.905 12 354 
Copper Cu 29 63.546 80 309 
Dysprosium Dy 66 162.50 21 085 

rbium Er 68 467.26 22 340 
Einsteinium Es 99 [254] 40 483 
Europium Eu 63 151.96 18 173 
Fluorine F 9 18.9984 27 872 
Iron Fe 26 00.847 74 700 
Fermium Fm 100 [257] 40 993 
Francium Fr 87 [223] 34 830 
Gallium Ga 31 69.72 84 336 
Gadolinium Gd 64 157.29 19 659 
Germanium Ge 32 72.909 86 088 
Hydrogen H 4 1.00797 | 00 345 
Helium He 2 4.0026 60 235 
Hafnium HE 72 178.49 25 162 
Mercury Hg 80 200.59 30 231 
Holmium Ho 67 164.930 21 730 
Iodine | 53 126 .9044 10 348 
Indium In 49 114.82 06 002 
Iridium Ir 77 192 .2 28 375 
Potassium K 19 39.102 59 220 
Krypton Kr 36 83.80 92 324 
K urchatovium | Ku | 104 | [264] 42 160 


Lanthanum 
Lithium 


Lutetium 


Magnesium 
Manganese 


Nitrogen 


Sodium 
Niobium 


Neon 
Nickel 


element 


Lawrencium 


Mendelevium 


Molybdenum 


Neodymium 


Symbol 


vom | 
(else 
gE 


Atomic 
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Fable 1 (continued) 


Atomic 


| Jue 


number el Bee | tae weight, a 

O7 138.91 14 273 
3 6.939 $4 130 
103 [256] 40 824 
71 174.97 24 297 
101 1257] 40 993 
12 24 .3U9 38 570 
2) 54.9380 73 987 
42 95 U4 98 200 
7 14.0067 14 634 
11 22.9898 36 154 
| 92 .906 96 804 
60 144 .24 15 909 
10 20.179 30 490 
28 08.71 76 871 


Antimony 
Scandium 


121.75 
44.956 


Tar No 102 [255] 40 654 
Nepean Np | 93 | [a7] | 37475 
Oxygen O 3 15.9994 | 20410 
Osmium Os 76 190.2 27 921 
Phosphorus iy 19 30.9738 49 099 
A Heel eRe cna ne ere ee eee eee 
? at Pa 91 [231] 36 361 
ee Pb g2 | 207.19 31 637 
Palladiun Pd 46 106.4 02 694 
Promethium Pm 61 [145] 16 137 
Polonium Po 84 [210] 32 222 
Ee a ee ce ae ee 
Pr: ; Pr 59 140.907 14 893 
i et aa Pt 73 | 195.09 | 29024 
Plutonium Pu 94 [244] 38 739 
Radium Ra 88 [226] 35 411 
Rubidium Rb 37 85 .47 93 181 
Khenium | Re 75 186.2 26 998 
Rhodium Rh 45 102.905 01 244 
Radon Rn 86 [222] 34 635 
Ruthenium Ru 44 101.07 00 462 
Sulphur S 00 602 


Cc: © 
wa © ) 
I oy 
~) es 
oN 


#8 
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Table 1 (continued) 


Element Symbol Sepals Salcnt 6 log a 
Selenium Se 34 78 .96 89 741 
Silicon Si 14 28 .086 44 849 
Samarium Sm 62 150.35 17 711 
Tin Sn 50 118.69 07 441 
Strontium Sr 38 87 .62 94 260 
Tantalum Ta 73 180.948 25 755 
Terbium Tb 65 158.924 20 119 
Technetium Tec 43 [99] 99 564 
Tellurium Te 52 127.60 10 585 
Thorium Th 90 232 .038 36 556 
Titanium Ti 22 47 .90 68 034 
Thallium Tl 81 204 .37 31 042 
Thulium Tm 69 168 .934 22 772 
Uranium U 92 238 .03 37 663 
Vanadium V 23 00.942 70 708 
Tungsten W 74 183.85 26 446 
Xenon Xe 54 131.30 11 826 
Yttrium Y 39 88 .905 94 893 
Ytterbium Yb 70 173.04 23 815 
Zinc Zn 30 65 .37 81 538 
Zirconium Zr 40 91.22 96 009 


Table 2 


Radioactive Elements 


Ato- | Mass number 


Sym- | mic | of the lon- Half-life* Decay mode 


plement bol Jnum-[ est living 
her isotope 
Actinium Ac 89 227 22 y a, Br 
Americium Am 95 243 7.8 X 103 y} a 
Astatine At 85 210 8.3h a, Electron 
capture 
Berkelium Bk 97 247 1.4x 10° yla 
Californium Cf 98 252 360 y a 
Curium Cm 96 247 1.6 x10’ yila@ 
Kinsteinium Es 99 254 2.7 x 10° d|a 
Fermium Fm | 100 207 3d Electron 
capture, 
a 
Francium Fr 87 223 22 min a, Bo 
Lawrencium Lr | 103 206 8s a 
Mendelevium | Md | 101 207 1.5 h Electron 
capture 
Neptunium Np | 93 237 2.4x 108 yl] a 
Nobelium No | 102 200 ~8s a 
Plutonium Pu 94 244 3.8 x 105 y| a 
Polonium Po 84 210 138.4 d eo 
Promethium Pm | 61 1495 18 6- 
Protactinium | Pa 94 231 3.2x 10% y| a 
Radium Ra 88 226 1,622 y a 
Radon Rn 86 222 3.83 d eo 
Technetium Te 43 99 2.4x 105 y! B- 
Thorium Th 90 232 1.4 x 100yl a 
Uranium U 92 238 4.5x 108 yla 


*s, second; min, minute; h, hour; d, day; y, year. 


22 


Table 3 


Ion Radii 


The values of ion radii are given in angstroms (A) with a coordina- 
tion number of 6. When the coordination number is 4, the correction 
comes to —6%, with the coordination number of 8, it is +3%, and 
with the coordination number of 12, it comes to +12%. 


Size of radius, A, according to 


Substance | onic 


charge other 


sources 
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Table 3 (continued) 


Size of radius, A, according to 


Ionic 


Substance charge 


other 
sources 


Belov and 


Goldschmidt | Pauling Boky 


0.62 
3.00 
0.69: 0.82 
0°95 
0.91 
0:87 


0.96 
1.09; 1.24 
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Table 3 (continued) 


Size of radius, A, according to 


Substance aeaee 
8 | Gordschmidt | Pauling | Peppy and | omer. 
Mo03-| —2 = = = 3.45 
N +5 0.15 0.14 0.15 0.13 
-|-3 — — 0.16 
—3 -- 1.71 1.48 1.30 
NHi+ | +41 1.43 = a 1.59 
NOs; | —4 = = aw 1.89; 2.57 
Na +1 0.98 0,95 0.98 — 
Nb +5 0.69 0.70 0.66 — 
+4 0.69 0.67 0.67 0.74 
Nd +3 1.15 a 0.99 0.99 
Ni +3 0.30 — — — 
+2 0.78 0.69 0.74 0.68; 0.79 
Np +6 a — — 0.82 
45 = = = 0.88 
ne = =s 0.88 0.92 
43 = as 1.02 1.04 
0 +16 = 0.09 0.09 = 
—2 1.32 1.40 1.36 1.45 
Oli- —i — — — 1.53; 1.33 
OHf +4 — —~ — 1.35 
Os +4 0.67 0.65 0.65 0.75 
+3 = is — 0.81 
+9 a = — 0.89 
P +5 0.35 0.34 0.35 a 
+3 _ — — 0.44 
13 a 2.12 1.86 _ 
Poy | —3 ae = = 3.00 
Pa 44 = = 0.94 0.96 
43 am = 1.06 1.05 
Pb +4 0.84 0.84 0.76 a 
+2 1.32 1.21 1.26 1.17 
Pd 44 = = 0.64 | 0.73; 0.65 
13 _ = a 0.72; 0.88 
Pm +3 = — 0.98 0.98 
Py +4 1.00 0.92 ee 0.92 
+3 1.16 — 1.00 1.00 
Pt +4 — — 0.64 0.76 
+2 — — — 0.90; 0.87 
+6 — — — 0.81 
+5 — — —- 0.87 
Pu +4 -— — 0.86 0.90 
+3 — — 1.02 1.00 
Ra +42 1.52 = 1.44 = 
Rb 4 1.49 1.48 1.49 a 


Substance 


Ionic 
charge 


Size of radius, A, accOrding to 


Goldschmidt 


Pauling 
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Table 3 (cantinued) 
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Table 3 (cuntinucd) 


Size of radius, A, according to 


Substance es 
enaree | Goldschmidt Pauling eer oe 
U +6 ie = = 0.83 
5 = = _ 0.87 
+4 1.00 0.97 0.95 0.93; 0.89 
+3 ra 7 1.04 1.03 
V 45 0.4 0.59 = 0.59 
7, 0.64 0.59 0.61 0.64 
ai 0.65 es 0.67 as 
+2 0.72 — 0.72 — 
W 16 sss = 0.65 Zz 
44 0.68 0.66 0.68 = 
Y 43 1.06 0.93 0.97 a2 
Yb 43 1.00 = 0.81 0.85 
Zn 42 0.83 0.74 0.83 0.70 
Zr 44 0.87 0.80 0.82 = 


7A | 


Table 4 


Ionization Potentials of Atoms and Ions 


The ionization potential is the minimum voltage of the electric 
field needed for tearing away one electron from an atom or ion. 

The table gives the potentials of the ionization of atoms and ions, 
i.e., the potentials required for separating one electron from a neutral 
anectited atom (X —e-— X*) sad the potentials required for tearing 
away one electron from a single-charge (positive) unexcited ion 
(X+ — e + X3+), from a two-charge unexcited ion (X#+ — e + X*+) 
and so forth. : 

Insufficiently reliable data are given in parentheses. 


X+—e —+ X2+ 
Xetr—e — XIt+ 
X3+—e + X4t 
X4it+—e + X5+ 
X5+—e —» X6+ 


+ 

be 

Element + 
LS) 

| 

be 


A 6.40 | (52) (70) (89) 
Al bias te 98:44 | 4119.96 | 153.8 190.4 
Ar 15.76 27.62 | 40.90 59.79 | 75.0 91.3 
As 9.84 18.7 98.3 50.4 62.9 127.5 
Au 9 22 20.5 30.5 (44) (58) (73) 
B 8.30 | 25.45 37.92 | 259.30 | 340.13 a 
Ba 5.84 40.00 37 ’ (49), (62) (80) 
Be 48.21 | 453. ao = 
Bi 730 19.3 25.6 45.3 56.0 94.4 
Br 11.84 | 24.6 35.9 47 3 59.7 8 6 
C 141.26 | 24.38 | 47.86 64.48 | 392.0 489. 
Ca 6.144 | 44.87 | 51.24 67.3 84 109 
Cd 8.99 | 16.90 | 44.5 (55). (73) (94) 
Ce 6.91 | 12.3 19.5 36.'/ (70) (85) 
Cl 13.04 93.80 | 39.9 53.3 67.8 96. 
Co 7.86 | 17.05 | 33.5 (53) (82) (109) 
Cr 6.76 46.49 | 34 (51) 73 90.6 
Cs 3.89 | 25.1 34.6 (46) (62) (74) 
Cu 7.72 | 20.29 | 36.83 | (59) (83) (109) 
ny 6.82 ee = = as = 
u ; =— ae: — _ 
F ‘Fe 34.98 | 62.65 87.23 | 114.2 157.4 
Fe 7.90 | 16.148 | 30.64 | (56) (79) 103 
Ga 6.00 | 20.54 | 30.70 64.2 (90) (118) 
Gd 6.46 42 = = ata = 
Ge 7.88 | 15.93 | 34.214 45.7 93.4 (123) 
H 13.60 me a= oa os es 
He 24.58 | 54.40 hee ca = a 
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Table 4 (continued) 


s =. i = Se 
Element ' i ' t : t 

© ri | | : | 

| + ai & = ns 

n" at) rd ~ ~ ye 
Hf 55 14.9 (21) (31) oe 
Hg 10.43 18.75 | 34.2 (46) (G1) (77) 
I 10.44 19.0 33 (42) 71 S3 
In 5.79 18.86 28.0 58 (77) (98) 
K 4.34 31.8 45.9 G1.4 O26 YQ, 
Kr 14.00 94 5G 36.9 52.5 64.7 78.5 
La 2.6) 11.43 19.17 (D2) (G6) (SQ) 
Li 5.39 75.62 | 122.4 = = : 
Lu 6.15 14.7 (19) ae _ : 
Mg 7.64 15.03 78.2 109.3 141.2 186.8 
Mn 7.43 | 15.64 | 33.69 | (53) (76 100 
Mo 7.13 15.72 29.6 AG.4 61.2 67 
N 14.54 29 60 AT 43 77.45 Y7 86 552 
Na 5.14 47 29 71.65 )8.88 | 138.6 172. 
Nb 6.88 13.90 28.1 38.3 50 110, 
Nd 6.34 sen ead ae - = 
Ne 21.56 41.07 63.5 Q7 2 126.4 157 
Ni 7.63 18.15 36.16 56 79 113 
O 13.64 35.15 54.93 77.3 113.9 138 
Os 8.7 17 25 40 54 68 
P 10.55 19.65 30.16 51.35 65.01 220.4 
Ph 7.42 15.03 31.93 39.0 69.7 84 
Pd 8.33 49.42 | (33) (49) (66) (90) 
Po 8.2 19.4 27.3 (38) (61) (73) 
Pr 5.76 = = =e = _ 
Pt 8.96 18.54 | (29) (41) (55) (75) 
Ra 5 28 10.14 | (34) (46) (59) (76) 
Kb 4.18 27 .56 40 52.6 741.0 84.4 
Re 7.87 16.6 (26) (38) (51) (65 
Rh 7.46 15.92 32.8 (46) (67) (85 
Rn 10.75 21.4 29.4 (44) (55) (67 
Ru 7.36 16.60 30.3 (47) (63) (81) 
S 10.36 93.4 34.8 47 3 72.5 88.0 
Sb 8.64 16.7 24.8 444 63.8 119 
sc 6.56 12.89 24.75 73.9 91.8 411 
Se 9.75 21.5 32.) 42,9 68.3 82.4 
Si 8.415 16.34 33.46 45.4 166.7 205.4 
Sm 5.6 41.2 it me a =. 
Sn 7.33 14.6 30.7 AG .4 94 (103) 
Sr 5.69 11.03 43.6 57.4 71.6 90.8 
Ta 7.7 16.2 (29 (33) (45) E 


~) 
= 
| 
i 
I 


ES ep a a AE 


29 


Table 4 (continued) 
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Table 6 


Atomic Weights, Molecular Weights*, Weights of 
Atomic Groups, and Their Logarithms 


In compiling this table, all additions of atomic weights have been 
made in conformity with rules 2 and 3 (p. 11), the needless decimals 
having been discarded. 

The atomic weights of all elements (apart from the 12 elements 
given below) are expressed in numbers in which errors are within the 
limits of -+0.5 in the last figure. 

When a fractional part of an atomic weight is being found, the 
error in its magnitude apparently passes over to the next decimal, 
which now becomes the first of dubious figures. The total number of 
figures after the decimal point thus increases by unity. If, for instance, 
the atomic weight of titanium (Ti) is 47.90, then one-half of this 
atomic weight (1/2 Ti) will be not 23.95, but 23.950; Sn = 118.69, 
1/2 Sn = 59.345. h 

When a multiple of an atomic weight is being found, the enor 
increases. If, for instance, it is necessary to increase the atomic weig t 
10 times, its value must be rounded off by reducing the number o 
figures after the decimal point by one figure. For eal a arr ara 
ree of nitrogen (N) is 14.0067; while 10 N is not .067, bu 

0.07. 


the atomic weight of iron only by 2 gives 

an error within the limits of --0.006 and, conseduently oP Peo te 
e made in the preceding figure; therefore, if Fe = 50.847, then « L 

will be not 111.694, but 111.69. When ns the atomic wel 


: ithin the limits of +0.0001 
of iron by 3, we have the STE figures after the decimal point will 


The multiplication of 


5 in the last figure, a rounding 
aa oe of figures after the decimal 


point by unity. 


| Weight, a | 


Formula 
we howe 107 .868 03 289 
NG So oon ee ny ESL, sh ae thd 215.736 33 392 
Oe ee ees 323 604 51 004 
ee ee A 446 524 64 984 
he oe onde ad ae 462,523 66 513 
187.772 97 363 


«The molecular weights of solvents and organic reagents not included in 
his table are given in tables 44 and 49, respectively. 
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Table 6 (continued) 


Formula | Weight, a 


log a 
AcC.H.Ow & 4. 6%.4u-2 a oa % 166.913 22 249 
(acetate) . 
AgG,H,NS, ........2.. 274.14 43 792 
(mercaptobenzothiazolide) 
ABOGN se aes & BS ee ea 133.886 12 674 
AgsCOs: cn oe bee Ge ce 275.744 44 050 
AOC ie cc. ee ed wa 99 igs hfe DO 143.321 15 631 
Ag,CrO, .....2.2.2.2.... 331.730 52 078 
Ag,Cr,0, ......2.2.222. 431.730 63 521 
PO ee Be se gs cde cee he 126 .866 10 335 
Ag,sFe(CN), ......2.2.4.. 535 .56 72 881 
AgaFe(CN), ........0.40. 643 .43 80 850 
0 (Re aes a Oe 234.772 37 065 
BONO. a0. 608 2h Quack e & < 153.874 18 717 
AgNO, .........02.. 169.873 23 012 
POG. © ace Mee five ke Goer Eat are Sis ee 231.735 36 499 
AQOCEN -. & & 2 @6.2) & & BSS 149.885 47 576 
AQsPOg. co. tea wo we hol & ea 418 .575 62 177 
Oe vas dy Danie, Ol ee a ee Sd 247 .80 39 410 
BESGN oko ee. 8, oe ee BS 165 .950 21 998 
AGSO¢ 65d s. bow Ke 314.80 49 388 
AQV Oni eh bean eH 206 .808 31 555 
AOVO. th gcd aig eo 438 544 64 201 
PE ects do Ses > Ue Us ae Sh ee 26.9815 43 106 
ETA. car ver ts, sora tek Ge & BS 8.99383 95 394 
7 re 53.9630 73 240 
BAY ee od: a ee ee 80.9445 90 819 
BAN ek ee Bee eae watt Ra 107 .9260 03 313 
DAL ek de Gk. HK Se ee 134.9075 43 003 
GALS Moe ee we ee ER Me 161.8890 20 922 
RIBS yk det es Se OB BS 266 .694 42, 604 
Al(Cs5H,Oa)g . 1 ee ee 204.147 30 988 
(acetate ‘ 
Al(CogHZON), . . . . ee eee 459 .444 66 223 
(hydroxyquinol ate) 
PCa sca: oo Hoag ee aes De % 133 .341 12, 496 
AlC],-6H,O .......... 241 .433 38 280 
Aes od ap ee ae Ba Se 83 .9767 92 416 
A ia si ke ek Oe See & 140.9719 14 a 
AlK(SO,)q 429H,0O ....... See KAl(SO,),-12H 
AINH,(S0,),-12H,O .. 2... See NH,Al(SO,)a° i3H1,0 
AL(NOs)g. 2 6 we ee ee 212.996 32 837 
Al(NOs)a- 9H,.0......... 375 134 57 419 


BIO ge os ee ds. ce ro bees 101 .9612 00 843 
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Table 6 (continued) 


Formula Weight, a log a 
AAs Oe es Gs wa igi ie vat Spe 16.9935 23 028 
PICO en ie eg Se Ae eR 78 .0036 89 211 
AIPO. soe &. sh ob So ee ok 121.953 08 619 
Plows. a ee See Eye 342.15 93 422 
Al,(SO4)3-1811,0 e e «© © 8 «« «6 +8 666.42 82 375 
PNG AS case, 98 gas ae Niet, Sh ae ee 74.9216 87 461 
AI SAIS. 2h. ce, hod, So Hw, &. HD-< 37 .46080 57 358 
NPGS bd Seder ce je Se Sh & 24 .97387 39 748 
TONG sty coo ts de A Bie 14 98432 17 504 
ONG. of Gow eS OA & ele 149 .8432 17 564 
UNS Dan tbe 5-20. sist a Ge Ge Me 314.634 49 781 
PSC Nia. ahs cca 2 3 aust He he ste 181.281 25 835 
SCM ne. hc a3 ve car bi lo Go Ba 252.187 40 172 
Wee 2 3.4 ft. ot et & tle @ 77.9455 89 179 
ASOe a) ete Suet. &, o-eee 122.9198 08 962 
fee a ee eee dae ie 138 .9192 aa au 
8414 
B50, an ens he eS RO ee 197 .84 a9 426 


BM oe oe. Sie ee ch, te 496 .967 29 439 
EAA Gn Ki qe & Se Se SO a SE 65.6557 84 727 
DAU o- 2. th. Gres Se: Beare ES ee 393 .934 59 542 

AUCN #53 on oe we ES 222 .985 34 828 

AU(GN \a-%. 2-a- o-o, Se e e s 249 .003 39 620 

ANICN elk ei me ie bee Bee ee 301 .038 47 862 

AC le oe ee. 18 “fe hg BS ER Bs 303 .326 48 194 

AuGle*2H.0:: ie. ogg ck Gy 339 .357 53 066 

AUC) e. ieo oOo oe oe Sede 338.779 52 992 

st Re NEE Nes Ge 

DB. % eek Be ee SB ee SE 10.814 03 387 
GB. eB heh oe Gate @ An le 3.604 55 678 

Pod. So ode AES 21.62 33 490 
Be 51) cae Dies Gk. er eG ee 32.43 54 099 
ORY eas ge ae ee eh 43.24 63 593 
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Table G (continued) 


Formula | Weight, a log a 


200.92 39 884 
06 882 
83 127 


13 780 
83 677 
43 883 
61 492 
47 298 
92 268 
29 524 
43 688 


30 288 


31 859 
38 789 
50 821 
37 436 
46 365 
40 369 
24 388 
41 722 
18 566 
88 463 
22 876 
23 388 
49 899 


95 483 
65 380 
25 586 


Formula 


(pyrogailate) 
Bi(C,H,ON)s 
(hydroxy yquinolate) 
gees tie ON) ;-H,0 
droxyquinol the 
Bic 


ca 


(Bilin), ON) 
(hydrox yquinoline) 


N) . 


BiOBr 
BiOCl . 
(BiO),Cr,0, 
BiONO, -H,O 
BiPO, . 
Bi,Ss 


| Weight, a 


69.0216 


208 .980 
69.6600 
417.960 
332.069 


641 .443 
659.498 
875.89 


315.339 
609 .47 

589 .693 
716.598 
862.768 


860.796 


394.995 
485 .071 
465 .958 
518 .976 
304.883 
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Table 6 (continued) 


Formula 


WH,Br . 


Table G (continued) 


Weight, a 


79.904 
159.808 
239.712 
319.616 
399 .52 
479 42 

95.903 
127 .902 

21.3170 


12.01115 
24 0223 
36.0335 
48 0446 
60.0558 
72 .0669 
84.0781 

96 .0892 
153.823 


939 


log a 


90 257 
20 360 
37 969 
20 463 


07 958 
38 O61 
50 674 
68 164 
77 899 
85 774 
92 468 
98 267 
18 702 
14 697 
44 800 
62 409 
74 903 
84 594 
92 912 
47 711 
47 814 
65 423 
77 916 
87 608 
95 926 
20 529 
41 561 
46 333 
76 436 
94 045 
88 7C9 
18 812 
36 424 
10 092 
10 437 
10 780 


97 744 


Formula 


6 es ef©§ @ @ 8 8 
(tartrate-ion) 


al m0) Gs a ake : 
(phenol) 

211 ,0.N eo e # # 8 
(anthranilate-ion) 

") BS. See dae He. Be 
(hydrox quinolate-ton) 
C,H,ON eo 8 © © © 8 


(hydroxyquinoline) 
CN 


6CN .... ; 
CNO see OCN 
CNS see SCN 
CO 


jn Mas) biel ple Ge GR eee OT OO Ge 


| Weight, a 


60.0995 
79.1023 


158 .2046 
312.3773 


412.836 

375 .3902 
30.0265 
31.0345 
62 .0689 
32.0424 
43.0456 


46.0695 


148 .0729 


94.1141 


136.1314 
144.1543 
145.1622 


26 .0179 
52.0357 
78 .0536 


104 .0714 
130.0893 
156.1074 


28 .0106 


60.0558 
44.0100 


22.0050 


88.0199 
132.0299 
60.0094 
30.0047 


37 
Tuble 6 (continued) 


log a 


07 892 
70 319 
o3 191 
15 210 
62 367 
92 470 
77 887 


89 819 


19 922 
49 468 


61 578 
o7 448 
47 750 
49 134 
79 287 
50 573 
63 393 
66 341 
17 048 


97 365 
13 396 
15 883 
16 185 


41 527 
71 630 
89 239 
01 733 
141 424 
19 342 


44 732 
TT 855 
64 355 
34 252 
94 458 
12 067 
77 822 
47 719 


a8 


Table 6 (continued) 


Formula | Weight, a log a 
POO ge ier Sosy ss Oe Sete fe x 2 | 120.0187 07 986 
| 01 0 en 180.0281 25 534 
COe a oa ae ee 88.0199 94 458 
GORE: fecm do. ee me 45.0179 65 339 
CSon Ge Oe UA Ene ec 76.139 88 161 
CS(NHs)s. 4-6. «ee ee ok ee 76.120 88 150 
ee ee ee ee ae ee a ee ee ee 
CA. asic bk Eo. aie aad be ee 8 40.08 60 293 
oe ar rr er 20.040 30 190 
CORE io i ne ee % Soe ee 80.16 90 396 
3Ca 2. ld, 120.24 08 005 
CaBry . 2.2... ll, 199.89 30 079 
CaBr,6H,O ...... 2, 307 .98 48 852 
AGG. cant A gor ds tb Soo eh ed ee 64.10 30 686 
Ca(CHO,).......20.20~2.., 130.42 11 434 
(formate) 
Ca(C5H30,)5 ¢-< 4 6.4 de ua x 158.17 19 912 
(acetate) 
a(CsH,O3)p .. 2... 2... 218,22 33 889 
(lactate) 
Ca(C3H,O3).°51,0 . . 2... 308 .30 48 897 
Ca,(C, H,0.)o Lee wae ee 498 .45 69 762 
(citrate) 
Cay(CeHs0n),: At ee 570.51 79 626 
Ca(CyoH,N,O5)-8H,O |.) | 710.58 85 161 
(picrolonate) 
BONG es oe be eee bee 80.10 90 363 
(cyanamide) 
CaCOs. «5-62. 3 ese % eb Ss 100.09 00 039 
CHCOe bs ee 50.045 69 936 
BCO i ads Ses Ae, hes, ct os 128.10 10 755 
1/,CaC,0, ......2... 64.050 80 652 
CaC,0,-H,O .......... 146.12 16 471 
AG pet yc ed os hss o-oo tS vee 110.99 04 528 
CaCl,-6H,O .......... 219.08 34 060 
Ca(ClO),. ......-.-.., 142.98 15 528 
Ca(Cl0), UGO! ao ee 2: as BB ee de 8 215.05 33 254 
aCrO, ........-.2.4., 156.07 19 332 
CaCrO,-2H,O ......... 192.10 28 353 
OR os, sn mo Be 78 .08 89 254 
Ca,Fe(CN),: 42H,O... 2... , 508 .30 70 612 
Bldgs Sich of Be cies Ge dk eae he 42.40 62 428 
Ca(HCO;),......-.-.2.. 162.14 20 981 
1/,Ca(HCOg)n. . 2 2 we 81.057 90 879 


CallPOg Cae ba io a: Se A 136 .06 13 373 
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Lable 6 (continued) 


Formula Weight, a 


CaHPO, -2H1,0 ° 1472.09 
Ca(H.PO,)s 234.05 
Ca(H1,P0,).-H,O 252.07 
Ca(HS),-6H,0.. 214.32 
a 


7544 9/2 
mMercaptoben 


anthranifates 
Cd(C,H,ON) 
(hydroxyqui 


A) 


Formula 


Cd(CoH,ON),-2H.0 .. 2... 

Cd(CigHpOoN)o-. _ 
(quinaldinate) 

Cd(CN), 2.0 


CdNH,PO,-H,U |... 1... 
Cd(NOg)p - oe 
Cd(NO,)9-4H,0 .. 0... 
CdO 


eo eo @ e« «© & @  @  @ @ @@ @ «6 


Ce(CyHypNo)o(SOa)a:7HO . . . 


fet lene diammonium) 


Ce(C,H,ON)g - -- -- eee: 
(hydroxyquinolate) 


Ce,(C,0.iy ee 
Ce,(C,0%13-99H2,0 . . 1... . 
CeGle > ee. 6288s, Se Bs : 
Cel el O° eu ke a ee 
Ge(NI,).. (NO, aa ee _ 
Ce(NE4)o (NOs), ° a 0 en are 
Ce(NH,),(SO4),-2H,O . 2... 
Ce(NO ys Alte Meta oe: a od BS Bae 
Co(NO,),- SOKO"! ar 8. ae EG ae 8 
CeO 


Table G (continued) 


Weight, a 


436.74 
496.73 


1t-4.44 
172.41 
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Table 6 (continued) 


CoBr, 
CoBr, -GH,O 


Co(CyH,02) 40,0 .. 
Co(CyliN (SCN - 


(pyridine) 


Co,(C,H,O,)9:4H,O . . 


o(eltrate) 
Co(C,H,O.N), 
(anthrani fiate) 
Co(C gH gON )e -21[,0 
Pe. SN olate) 
Co(Cy oF ,OgN )g -211,0 
a- a ace a Aphthotate) 


oC,0, -2 


Golig(SCN) - 


Co(NOg 


.e «© 8 ee 6 


326.833 
249 .085 


491.91 

627 .066 
331.196 
383 .272 
611.458 


182 .984 
129 .839 
237 .931 
174.927 
4941.85 
182 .943 
291.035 
74.9326 
165.8646 
240.797 


o1 433 
39 635 


69 153 
79 731 
52 009 
58 354 
78 637 


26 241 
11 341 
37 645 
24 286 
69 183 
26 232 
46 395 
87 467 
1 97 
8 165 


Formula | Weight, a log a 

CO SO01)4. soe, gs Gk BH SG 968 .42 75 467 
Ce(S0'}°. BHsO bdo tee @ as 8 712.55 85 282 

Ne wae’ te Weal hy ath do Aen ee ah es Cae tsa ae hc TRE a new sep i PR a a 

AG. Se ee nce Ae it CE -e 2G 35.493 54 965 
QU cap. cay chs. vee Ee Sh ee TBE ke 70.906 85 068 

SCL: 2. sss ee Be ty 106.359 02 677 

OGle oc hy - & & eee & Be ahr oe 141.812 15 171 

BC .. -o a % BOE ae oe AS 177.27 24 864 

BEL. ox de. bee Ba 212.72 32 781 

ClO eo ee ae Ge te eG eA eS 51.492 71 140 
NOs 4. act S ae ee ee. GREE & 67.492 82 899 
ClOe: 4 « bee an & Be $3.491 92 143 
CIOs. deme ind we Boe be Yas oe 99.451 99 761 


4,2. 


Table 6 (continued) 


Formula | Weight, a log a 
COsP Ose Save Soe aw we ue AS aed 291 .810 46 510 
Gs es bon puke iy ok ee 90.997 95 904 
CoSO,........2.2.022. 154.995 19 032 
CoS0,-7H,O. 1... 981.102 44 886 
ee 51.996 71 597 
WER oun oo ee 47.3320 23 885 
er... lil! 103.992 01 700 
BGR eae Mnicta dee cue 155.988 19 309 
Cle A a ee ee a 122 902 08 956 
GROe oe ce o e eee 158.355 19 963 
CrCl,6H,O|........~.. 266.447 42 561 
CrK(SO,),-12H,O ... 2... See K Cr(SO4)9-12H,0 
CUNO)... 6 a dann no 238.011 37 660 
Gr(NO3)s- BEOin ok 4 kee es 400.149 60 222 
FE re De se 67.995 83 248 
Cr, tS ie ee ee ee 99 994 99 997 
GO ew oe Sue es 115.994 06 444 
MGrOs. cau bat oe Gok 38 6647 58 731 
Bee cng San eae 151.990 18 182 
CHO a ob Ga Sea ee 75 995 88 079 
BO ese b ee a eet 245 988 33 443 
CHO. 2h gh Bod ae, 2 35 .9980 55 628 
COW)... ccc aan ee eyo 103.018 01 294 
CrPO, . 11 ll 146.967 16 722 
Cr(SQgo ot 392.18 59 349 
Cr,(S0,),-18H,O .. 1... 716.45 85 519 
Ce? pb oe ee oe 132.905 12 354 
Oe ech oe ae 265.810 42 457 
CsA 30,),- 42H,0 11.00. 568.19 75 449 
OsC0e ee gee eho A Arce 325 819 51 298 
CsCl. a hoe Sa ee 168.358 22 623 
CsclO, 1.111. el 932.356 36 6415 
CsCrO, . 1.2... 381.804 58 184 
Cs,Cr,0,......-- 000 481.798 68 287 
Cs ot a eee 259 809 44 465 
CsNO,. 1... 22250007 194.910 28 983 
C30. ....,.2252/000. 281 809 44 995 


CSOR: “sw i os Hees Ae he eh 149.942 17 584 


" 
A ed 


Table 6 (continued) 


Formula | Weight, a loga 
Cee Pile i: ie «. aed eae et 2 673 .62 82 842 
CSSO8 et 5 a oe OR oe 361 .872 55 856 


CW ga ok ot Ge eed we @ eA 63.546 S0 309 
WC Set das EPR F 31.7730 50 206 
DOU eo oe ey ween ee 127.092 10 442 
BOW & 6 ac w e a e A 190.638 98 021 
CUBis 204% % Sk ts oh oS 923.354 34 899 
Cu(GHeO.)a-1kO. « « 228 bors 199.654 30 027 
(acetate) ~~ 
Cu(C,H,N)(SGN)a - - 2 337 94 52 880 
(pyridine) 
u(CyH,O.N)o - ee ee 335.809 52 609 
atl laldo: imate or anthranilate) 
CoH HON ook 2 ome es 351.855 54 636 
rn roxyquin»late 
cdot IO... eee 425.894 62 930 
(quinaldinate) 
Cu(CygHrsONS)o: -H,O 514.13 74 107 
Non? 
UGH O.N, .- ee ee 288.796 46 059 
cu 
GUN eo. . scxrhnd ares es 89.564 95 213 
CuCl 2. 2-4 & Oe See eS 98 .999 99 563 
CiCla <2. oo 0-8 Be eee ee 134.452 42 857 
CuCl, QHoO 2. ee 170.483 23 168 
Cullg(SCN), > 4, oho da th dae Shee 496.46 69 588 
Cul. a eo ab ee ee ee 490.450 27 978 
Cu(NOs a ee ee ee 187.556 97 343 
Cu(NOs), Oe 4a. -e Gees 2441 .602 38 310 
Cu(NOs)2: SHO: 4-ieeee Gk 295 .648 47 077 
Pechtee ies Sine 1 ale Oe fy 79.545 90 061 
“CHG le ie ooh Gs fee hye 39.773 59 959 
CU(OH)arc.a. ge $e OP a eS 97.564 98 928 
CUO oe ns ek, oe a 143.094 45 564 
Cug(OH).C0s aor 224.4116 34 462 
GUS oe ack ow ee oe Oe 95.640 98 050 
Cus” i, iy ae eh Ses ees 159.16 20 183 
CuSCN .......2 808 ee 121.628 08 503 
CUSO) 6.2 et ede Ge 459.608 20 305 


CuS0,-3H,O . 2. ee 249 685 39 739 


4A 


Table 6 (continued) 


Forimnula | Weight, a log a 
Fool ee ee 18.9984 27 872 
OF... ll 37 9968 57 974 
8F. lll! 56.9952 75 584 
i a ra 759936 88 078 
Bie oe eee tek 94.9920 97 769 
60F. 113.9904 05 687 
eve, eo eee me la es ee 55 847 74,700 
PG? og he eee ho 18 616 26 989 
WWFe .. lle 27 924 44 598 
OFe .. 1.) ll 114.69 04 804 
SRO). ss. wea meh ees 167.54 22 412 
ROBis ctr a be ee Bee 295 559 47 064 
FeBr,-6H,O .........- 403.654 60 604 
PEO ce acd, os avy Get ase 17955 25 419 
Fe(GsH,ON)y. 2. ee 488 310 68 870 
r uinolate 
PONS 4 eee be 241 954 32 624 
reco. a ee area 115.856 06 392 
ROG sc cco ec. oe ae es 126.75 10 295 
PECL AHO? nce 4 pene 198.81 29 844 
RoC en © a ae ee 162.24 24 008 
FeCl, 6H,O .........- 270.30 43 185 
Fe(HCOs)p . oe 177.884 25 013 
FoNH,(80,).12H,0 ...... 482.19 68 322 
Fo(NH); (SO,)9-6H,O .... 392.414 59 344 
reno 6H,O lll lll 349.95, 34 40t 
6HoO .....2.2.. 
a Oe a Se ae a 71 846 85 640 
eee ne ere ae 159.69 20 328 
he ne 2 ee 26 615 42, 543 
ht a rr ae 79.848 90 225 
REO es ath se oe 23154 36 463 
Fe(Ol)y . cae eh oh we 106.869 02 885 
FePO;. cou or dc on oe cote 150.818 17 845 
Beg eh bak ca S bck 87.94 94 404 
Rese ook oe ge a 119.98 07 914 
FoS0,.........2020~2 151.94 18 159 
FeSO,-7H,O ... 0.00... 278 02 44 408 
Fe(SQ)s ol le 399 88 60 193 


Fe,(S04),-9H.O ..... - 562.02 74 975 


@ @ @ @ @ @ @ © &@ © @ @ e@ &© ww ww fF 8 8 BB 8 & &@ @ fF ee 8 @ #@  @  @ oe #© 


i 2 


Formulit | Weight, a log a 
Gas co 3 ee ek 69.72 84 336 
Date at a: Sy cece gt ws Ss Se 139.44 14 439 
Ga(C,H,ON), . 2... 2-200 = 502.18 70 086 
(hydroxy quinolate) 
Ga(Cyl[,;Br,ON)g 2... ee 975.55 98 925 
(bromohydroxyquinolate) 
Gale as gots ax bs ae Be, 176.08 94571 
Gay i oy cs ee ee A Be 187 .44 27 286 
® e .e8 .e .e8 .e« e®  @ #6  @  #  * . . e e e e e s e ». e ry ° e e 
GO. 4s ok ed Boe OAS 72.59 86 088 
DAG 2 chk dead ety tee Tes I 145.18 16 191 
OCLs og om tae ocstge  Vyedie te Jaen oe. 2 214.40 33 122 
GOOe ig k oo ee & ee 8 SS A 104.59 01 949 
Ges. 3% dd Gere Bee 136.72 13 583 
OO Sie ete tae hs boa ah AN? a a. es 8 ie jor ee 


150.089 17 635 


(tartaric) 


TA) oes de ate oe a. de ey E-Ae  e 4.00797 00 345 
Zl. sg tae ok Sites ae. Bo oh eet 2.01594 30 448 
Ot 4s. <i as Se we ee Se 3.02391 48 057 
WY) 5 se) i de ee OS 4.03188 60 551 
DEL ux. get Bt oe AK Beak we Hie Ses 5.0399 70 242 
EL ce. cee -& cee de ee a 6.0478 78 160 
Che 60a 06 Be RE ee ee 7.0558 84 855 
SH £86 eee oe hie SAY 8.0638 90 654 
5 0 0 ana 141.9431 15 244 
HAuCl,-4H,0 ©... 2... ee 411.848 61 474 
BOS a ook A de ee OR Oe a Set 43.818 64 165 
HaBOws. 6 at gg & hie 8 61.833 79 122 
WD es as me Lk tas SO ee 80.912 90 S01 
ITBEO? se: a. 33.8, oo Ar Bi we ee Se 96.911 98 637 
HBTs: 2 kee See ae See a 128.910 14 029 
IGE Os 3 ae. ka ck ay We Ge a 46 .0259 66 300 
(formic acid) 
plas. 4. ge a ee 60.0530 77 853 
(acetic) 
CBN. Og ie ee ae ae A ee 90.0795 95 463 
(lactic) 
HAO @.... 2528 eck Be eS Ss 149.081 17 342 
(hydrotartrate-ion) 
He CayOg a-ha bs He eS, SOS 118.090 O07 221 
(Succinic) 
HeC.H405 wh Re Baa, Se 134.089 12 739 
(malic) 


46 


Table 6 (continued) 


Formuta | Weight, « log a 
HyCgll,0, 2... 2. ee 192.126 28 358 
(citric) 
H,C,H,O,-H.O 2.2... 0040: 210.142 32 251 
HC,H,O,NS . 2... 173.192 23 853 
(sulphanilic) 
HC,H,O,NS-2H,0 ....... 209.222 32 064 
SEO sae duccet Gs 9c -B tap Bs eo, Ave 122.125 08 680 
(benzoic) 
pea. 6.-<: us Se. hh RS 138.124 14 027 
Salicyli 
HC HO. fe es oe te ee As 137.139 13 716 
h . 
HCHO, a 165.127 21 782 
h Z 
i oO. ee an de aed 166.135 22 046 
(phthalic) eee 
HaCrH 4048 Stee hah Ge est 218.186 33 882 
.Sulphosalicylic) 
ar 254.217 40 520 
bsg s04N eee, eee ee 173.173 23 848 
(quinaldinic) 
big 209.203 32 057 
Hoe RL] 2921248 46 575 
(ethy lenediaminetetraacetic, comple- 
HON. 27 0258 43 178 
HCOe- is. on ® ee oy oe 4 45.0179 65 339 
SHCO,. 0 ll ee 90.036 95 442 
3HCO,. | ll ee 135 .054 13 054 
HCO. eee eo Or 61.0173 78 545 
WoCOs ee ee Bees 62.0253 79 257 
HCO; co taan heh ee | 90036 95 442 
HAC,0, HCO! od hon We Se oo! Be 126.067 10 060 
1/5H,C,0,4 -2H,0 . ee © # @ 8 63.0333 79 957 
Ue ee ened ooo oe a 36.461 56 183 
MIGIO® ge so-acs e, ok Se 52.460 71 983 
HCN Sk. oa ce, be pe hs OS Ce ES 84.459 92 665 
HClOn Gekko 100.459 00 199 
HeCrOy ot. 9 a 2 oe ed 118.010 07 192 
H,Cr,07 Se fe Sw fee ee ee ee 218.004 33 846 
Te eee es ae He 20.0064 30 417 
FAN, 5 soya cau is ey eo Gos Boe 127.9124 10 6941 
NO, eee oe aren gto ds ee ee 143.9118 15 810 
HOG. , quet tonSy ste ah nck ce. 175.9106 24 529 
H1Oe- oe ob og Ba 191.9100 28 310 
Fle ie Sous ak de ee oe 2 227 944 35 782 
H,MoO, -H,O ee e «© © #© 8 #8 © «6 179.97 25 520 
HNOw so oS be. ok 47.0135 67 222 


Formula 


| Weight, a 


63.0129 


18.0153 
36 .0307 
54.0460 
72.0614 
90.077 
108 .092 
126.107 
144.123 

34.0147 
17.0074 
68.0295 
79 .9800 
95 .9794 
96 .9873 
65.9965 
81.9959 
97 .9953 
177 .975 


291.2 


34 .080 
17.040 
59 .090 
81.070 
162.14 
82.078 
97 .070 
98 .078 
49 .039 
196.16 
114.14 
114.077 
80.98 
128 .97 


Table 6 (continued) 


loa 


79 943 


25 564 
00 667 
73 276 
85 770 
95 461 
03 379 
10 074 
15 873 
93 167 
23 064 
83 270 
90 298 
98 218 
98 671 
81 952 
91 379 
99 121 
20 036 
40 002 


53 250 
23 147 
77 151 
90 886 
20 989 
91 423 
98 709 
99 157 
69 054 
29 261 
05 744 
05 720 
90 838 
11 049 
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Table 6 (continued) 


Formula Weight, a lora 


He Said & baie hk ow 200.59 
VaHe sks So dca ake ee | 100.295 
a ae as 401.18 
HgBr,............. 360.40 
Hg(C,H,0.),......-.-.. 318.68 


(acetate) 
Hg(C,HsN ).Cr20, Le ee ee ee 574.78 
(pyridine) 
Hg(C;H,O.N)p . . 1... we 472.85 
(anthranilate) 
Hg(CygH,pONS). ..-.. se 633.16 
(thionalide) 
HeC.0a: 3. 3 boa -% 2 Se A 288 .61 
(oxalate) pena 
BS ae od ER ce a ty JZ. 
Hes(NO2)3 2. scooter. db ee we 525.19 
Hgs(NOs)2- DOr 4. &. ed we oS 561.22 
HO) ok es ee Ee ee Ee 216.59 


es e @e@ ee @ @ @ @  @ 8 8  e *@ 

oe ef mem 86 @  @  @  @6©  B6 @ @  €  e@ © 

e «© 8 @#  @  #@  @  @ @  @ eae  @ 8 

ee oe ee @  @ @  @ ee oe  e @ 

.- 8e@ e€- ©  @ 6 @ @ @ e8 @ 

ee © 6 @ @  @  @©  @ 86 8 @ ¢@ 

eo © @ @©  @©  @©  @ 8 e@  e@ ee @ 

ee ee e@ @ © © © © © @ € @ 8 6 © 8 fF e 8 F HF eee 


2 ae ee Bey Bae ee 126.9044 
0) a 253.8088 
Gis ecnea § 6 Sree 380.7132 
TE Seek oe Re a se 507.6176 
BE i tease itd. Oe Gt de in A 634.5220 
| ee oe eee 761.4264 
TOD ee 2 ee athe Gost de ae A oe 162.357 
DCTs chs 'c wets ie cape Mine we A 233.263 
HO oe ye cee, Ss os he Art oe 142.9038 
By ce oe ee wee de & 174.9026 
tAOs au, ok ate won a 29.1504 


beat asia, HES SS. a catia Be he GB 190.9020 
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Table 6 (continued) 


Formula | Weight, a 


114.82 
38 .273 


_oydroyauotate 


6K 
K Al(SO,)q -12H,O 
K AISig0q_ : 
BF 


H,0 235 .285 
(tartrate) 


K (C,H; )4B 358 .340 
(cotds)e 394.424 


65.120 
138.213 
184,239 


Table G (continued) 


Formula | Weight, a loga 
MeClOx 61 5.-2-a aa ga es 4 oe {22.003 US 832 
MeKCIOg . . . . — 20.426 31 018 
oe Sule Bee ee ee we ot -_ 138.993 14 162 
P(N Oa)e SF at he, acl es Sh Bante A 452.272 65 540 
K,Co(SO,),-6H,O .. . 437 .35 64 083 
K,CrO, ......2..., SS oe 194.198 28 824 
WsK,CrO, ...... _ 64.733 81 113 
K C130, Br deta as, Bes a Ae? es meg 294.192 46 863 
/aKoCr,0, ....2.2.2.2.. 49 .032 69 048 
/jKeCr,0, ......, Sey. 147.096 16 760 
KCr(SO4)q- 412H,0 fe Som dem wy Be 499 41 69 846 
Be ody We-ho My cok a ois. ee DE Geran A 08 .100 76 418 
KaFo(ON), Sse te a eS Re 329 .26 51 754 
K,Fe(CN),.......2.2.2.. 368 .36 56 627 
K,Fe(CN),-3H,O........, 422.41 62 573 
K Fe(SO,4), 42H, Or 4b 28, oe 903.26 70 179 
HyASOg es Si oe i 180.037 25 536 
Es neO Se fe ate oa. oe 218.131 33 872 
ener a a a 188.183 27 458 
oy rotartrate) 

eH FO ak wee Se & ww. Se ted 204 .229 31 012 

a rophthalate) 
bi Rh te Pd Sh. a he a ee 100.119 00 052 
KHC, 204.120 OF ay ok was he ee ote 146.145 16 478 
K Hal C,0,),-2H,O .... 0” 254.196 40 517 
ICE 6. one ee SS, Gh oc xs oe ce fh 78.107 89 269 
KH(IO3). ...... oe 389 .915 59 097 
WiKH(JOs).. 2.0.0... 32.4929 54 179 
HPO: alc. ie: 8-3 CR ce oe a 104.091 O1 741 
KHGPOe os. boc gf BG wm BeBe & 136.089 13 382 
Kall PO pies fe he ok we ee ks : 174.183 24 101 
KHSO, a? RS 4S, Bah ade Wee Sel PE 120.172 07 980 
KHSO, ............, 136.172 13 409 
| ae Oe a oa 166.006 22 012 
MWe Gots coc ot. oe ah, Quid ee 2 a 419.815 62 306 
KIO; fot. WE fan vite yn ck Se oi BS set. ee, 214.005 33 042 
PROB: cies sa) de ge ake J Bk 35 .6674 55 227 
Oi ko ae et we SK, oe eee en ap en 230.004 36 174 
KMnO, ............ 158.038 19 876 
,KMnO, ......... 31.6075 49 979 
WsKMnO, ......... 52.6792 72 164 
CK MNO sy 6b. eae de a eS 316.075 49 979 
KN(CsHa)o(NOve 2. 477 .307 67 880 

(dipicrylaminate) 
INOR bY seat a a, Bt Sess He Se 22 85.108 92 997 


KNO,.........2004 101.107 00 478 


of 


Table 6 (continued) 


Formula | Weight, a log a 
KNaC,H,0,-4H,0 .....-. 282 226 45 060 
Oe a 6 eae be 94.203 97 406 
WK... lee 47102 67 304 
KOCN sg ca Ae we 81.119 90 913 
HOU. ota oe ie ae 56.109 74 903 
POR 2 Bae oe 212.277 32 690 
KePtCl ...... eee 486.01 68 665 
KAGOH cc ee ak ee 289.3 46 135 
KG ee eee ee oe 110.268 04 245 
K-50. 3. 6 ack Goa ee 900.345 30 178 
CN oa ore Mine ons 97 184 98 759 
BO nih cl aren oO ae oe 158.266 19 939 
K;S0,-2H,O 1.2... ee 194.297 28 847 
MSO) aos cra ota» 174.266 24 124 
KS.0. i .s.k om ous eo 29933 34 700 
KeSO. cine. ot nee ieee 254.33 40 540 
KC... acini ead ae 970.33 43 189 
K(SbO)C,H,04-/,H,O . . +: - 333.93 52 366 
RSs oe bao oe 220 280 34 298 
WTF 1) lll lll. 240.09 38 037 
KWO on ee eues es 326 .05 54 328 
La(C 7 1/.H,0 343.07 53 538 
a(C,H.0.);-11/,H,0 1... + - | 
rae el! 371 .38 56 982 
Ue ewe oeah ee Ga 195.94 29 206 
La(NO,)p-6H,D 1... 433.02 63 654 
GO ee et 325 82 51 298 
LaGOe ..) a-h e sere 566 .00 75 282 
S cileco tats ce dsim oS ci tee sip stent llcae tt acca See Mt a aah a 
Pt oan PA ee ee 6.939 84 130 
Fike na ee 2 13.878 14 233 
BED ok a hk hardin en ea 20.817 31 842 
Be ec ae he a 86.843 93 873 
Li,C,H,;0,-4H,O ....... 281.984 45 022 
(citrate) 
Et COs 6 bee. e aos 73.887 86 857 
EAD heed oot doce moo, aoe 5 42,392 62 728 
7 ee ree a ore 25.937 41 392 


4* 


OZ 
Zable 6 (continued) 
Formula | Weight, a log a 
PVE he se 330 ais oe: Bo ae he - -s fe k 7.947 90 020 
MEY ice, Bi, eae oh ths Ue Se on ee Go 133 .843 12 660 
Lil-3H,O ........2... 187.889 27 390 
LiNO,............. 68.944 83 850 
LiNO,-3H,O.......2... 122 .990 08 987 
Oe cee) ante cy ea! a oe ee 29.877 47 534 
AOR. ce Site Se oe SS: a 23.946 37 923 
EiPO, bu Gousha 115.788 06 366 
Pilg Oe”. ss ecu. Bee Bee ce ea ee 109 .940 04 116 
Li,80,-H,O .......... 127.955 10 706 
MG ies dead: ad sea HER ae x 24.305 38 570 
WMg ... oe 12.1525 08 466 
Mg... 0 48.610 68 673 
OME 2. o & Se ke OG oe 72.915 86 282 
Mg,AS,0, 1... et 310.449 49 199 
MOD ie ss. 2h leat es et Be ae ee 184.113 26 508 
MgBr,-6H,O .......... 292.205 46 569 
Mg(GH,ON), .....- ee 312.614 49 504 
(hy droxyquinolate) 
Mg(C,H,ON),-2H,0 ...... 348.644 54 238 
MgCO,......-..0-8- 84.314 92 590 
MECl, ccc okt: atch arancdod 95.214 97 869 
MgCl, 6H,0 .......... 203.303 30 814 
Me(ClO wo. aoe Co ee a 223.206 34 874 
Mg(ClO.)s 6H,0 ........ 331.298 52 022 
Be sg tee, nde Mase 62.302 79 450 
Mg(HCOs)p... 2... eee. 146 .340 16 536 
MgNH,AsO,-6H,O ....... 289.355 46 143 
MgNH,PO,-6H,O ....... 245.407 38 988 
Mg(NO,)..-. ee 148.315 17 119 
Mg(NO:):-6H,O |... 2...” 256.407 40 893 
Sh ian tes ate nate ieee ey te ee ele 40.304 60 535 
iwMgO ......00 0: 20.152 30 432 
Mg(OH),. .-.. se eee 58 320 76 582 
Mg Pi. tee ig decd. Guide ote-s 229 553 34 743 
BO ed Sieh wah ee ose 120.367 08 054 
MgSO,-7H,O.......2... 246 .474 39 177 
MgSi0, ..-......... 100.389 00 169 
MgsS1Og 4. ed we ef ee ee ee 140.694 14 828 


| Weight, a 
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Table 6 (continued) 


Formula log a 
IM. oo the ne ele Se 54.9381 73 987 
UMD vo bcs Siege Gees Be 2 27 .46905 43 884 
n sake Bena M. Ge Hes 409.8762 04 090 
Eg oe sata nth He, dk oho 164.8143 24 699 
Mn (CaH.0,),- HO: & ade eta 4 945 .089 38 932 
Ma(Cy aa Nes, kek be 487 54 68 798 
idine 

nt A Oe ase te 114.9475 06 050 
MnCl. ¢ cus weed =e eee 125.844 09 983 
MnCl--4H.0.5 2 #24595 244 197 .905 29 646 
MnNH,PO,-H,O ...----:- 185.956 26 944 
Mn(QNO,)5.° acccoct kG acu So we 178.948 25 273 
Mn(NO,), BHCO™ <2 25-8 Une os 287 .040 45 794 
MoO: «te ae Bt Re BAS 70.9375 85 088 
MnO ok do Oe dnc eh te 86.9369 93 920 
MiO. 2s ue Dae eS 4418 .9357 07 531 
MnO <a. oo eee eS 457.8744 49 834 
MicOs e & Gin ck 6. Ane 228 8419 35 948 
Mn(OH), ..---- +++: > 88 .9528 94 916 
Mis P.Ose.. ox acu g See SS 283 .820 45 304 
HG fe fe tek Ae ws ay tia a 87.002 93 953 
MiSO, oc ok Sa ae 454.000 17 898 
MnSO,-4H,O ..--.+--+->: 223.064 34 842 
MnSO,-5H,O ..---++:-: 241.076 38 215 
MnSQ,:7H,O «2... ee ee 277 107 44 265 

he kes be uke te. sauna ht Ae BE Ab ae ACA RS OR: SS a ae Bei 
Moo 2g cd eg eH we a 95.94 98 200 
OMG eg aca Go ein oy ee 191.88 28 303 
SMO) o. es oe ew 287 .82 45 912 
MOO.» onc) och crew 3 eee 143.94 45 818 
MOO, o.8 oo & 6 eae Se 159.94 20 396 
MoOa(CyH SON) a, cima. & fe ee 446.25 64 935 

rox inojate 

So fe a a 160.07 20 434 
MoS: Bde ke htt wey a ae 192.43 28 360 
TNE se coc, os eens os ee 14.0067 14 634 
ONG le hie tence ges ae ean Ss 28 .0134 44 737 
BNO gd 6 aoe Bk ee 42 0204 62 346 
BNE 5-4 Sy a Os Ee we he 56.0268 74 840 


70.0335 


o4 


Lable 6 (continued) 


Formula | Weight, a 
GN. 6%. (ok Gh cA ee Se 84.0402 92 449 
5.00N (“gelatin”) ..... 77.7372 89 063 
-6.25N (“albumen”)... . . 87 .5419 94 222 
6.37N (“casein”). . 1... 89.2227 95 048 
INGE ah ky he ee sk Gy ch HS 15.0147 17 652 
INTs She be. Mh Gd Hoke oe 16.0226 20 473 
ON 6 eno o.e e 32.0453 50 576 
OINs. ¢48 2 “6 ee Ges 48 .0679 68 186 
INE ue eek, etre, ap a gee Oe ts 17.0306 23 123 
ONITS -«.te ge © gti ee & B-s 34.0612 03 226 
ONIe Gee. Ae Gk Se eo 51.0918 70 835 
INH .a-scse E S0 ee 68.1224 83 329 
ONES. so. eae Be @ 85.1531 93 020 
GINS, ach cee oe, Soak fee eee er 102.1837 00 938 
Ne ee esate dg to aoe 18.0386 25 620 
ONHg 2 & 4 ee ie 2 36.0772 55 723 
ONE. a ok otk 6 A ek 54.1157 73 332 
Nee? a 6 ao me Je eG 2 ee 32.0493 90 576 
NoW i HEl os gg eR BS eS 68 .506 83 573 
NoH,-2HCl .......... 104.967 02 105 
NH, -H,O eal Se Se ae OE a ee 50.0606 69 950 
No HacHeSO% wi -2. 6a Se oe eX 130.123 11 435 
NHsOW" 4.3. 2.3) Boh Gee owe 33 .0262 01 886 
NH,OH-HC] . 2... 2 6 ee es 69 .487 84 190 
(NH. OH), -H,S0O, Pe a ee | 164.138 21 521 
NH, S0, Pes. oN. ones, oh iy cS Spe Oh GR 97 .093 98 719 
NH;Al(SO4)p-42H,0 .. 2... 453.33 65 642 
NH,Br Se ik oe ke es Se a 97 .948 99 100 
NH,C,H,0, ....-.--.-4- 77 .0836 88 696 
(acetate) 
(NH sCOe ood ad. ooh ae ee 96 .0865 98 266 
(NH,),CO,,H,O ........ 114.102 05 729 
NH,),.C,0,-H,O ......-.. 142 :112 15 263 
(NH4),Ce(NOs)p . 0 548 23 73 896 
(NH,),Ce(SO,)4:2H,O .... . 632.55 80 109 
NECClia: soo 2.e & &. Side 53.492 72 829 
NH,ClO¢. 4 esa eee 117.489 07 000 
(NH,).CrO, . 2... 20-0 152.074 18 205 
(NH )sCt,O. & 0 a & case x 24 252.065 40 154 
INE gE sis one, “te See Me, tae Bs Se 37 .0370 56 864 
NH,Fe(S0,),-12H,0 ...... 482.19 68 322 
(NH,),Fe(S0,)>-6H,0 ... . . 392.44 59 341 
NHwHCOs. 04 4 Ge ee & ae we 79 .0559 89 793 
NHB ee fad. ca Ge a ca? & GE eS o7 .0434 79 624 
NH,H.PO, .......2... 115.026 06 080 


(NH,),9HPO, ........~. 132.057 12 076 


Table 6 (continued) 


Formula | Weight, a log a 
NH,HS .........04. 54.444 70 854 
NH,HSO, ........000- 115.108 06 114 
(NH,)sHg(SCN), . 200s 468.99 67 1416 
NH ee ee ove foe bred 144.9430 16 120 
NH,)eMo.0r,-4H,O .....- 1235.9 197 
' Ne eee ah aici 2 64.0441 80 648 
NHINO, ... 1... ee ee 80.0435 90 333 
NH,NaHPO,-4H,0......- 209 069 32 029 
NHIOH 3 os eee neu -38.0460 54 464 
1 OOs. « a: ee lee ee SS 4 
(NH )sP O43 a a ae 355 2 55 047 
(NH,).Pd 
(NH) PtCly 2.5 etree mars 443 89 64 728 
(NHS ho wo ese @ 2 oo Hee: 68.144 83 344 
NHISCN ooo) 48 yese oes 76.120 88 150 
(NH.);SO;.< 5.6.0.6 @ so Goes 116.139 06 498 
(INH)SO, ¢ 4 6 ie ae ee 8 132.139 12 103 
4S On 228 20 35 832 
(NHS.05 we oo a2 #2 
(NHOVSIF, 5 ol ee 178.154 25 080 
(NH{)SnCl, ll 367.49 56 525 
NHVOe 0 2. cc newer teed 116.979 06 8414 
ee a, ee 30 0064 47 724 
NOm do ee he a 46 0055 66 284 
ONO, 0 92014 96 384 
BNO. (ow bn ht aoe 138.017 13 993 
UNO 20k eo dt ey 184.022 26 487 
BNO. (cs cu Bakes & 930.028 36 178 
BNO. cd. be anor eos 276 033 44, 096 
N Be ee hn he 62.0049 79 243 
7ONO. 1 dd 124.010 09 346 
3NO. 1... 1 ee 186.015 96 955 
ENOL 2 bk. A ee 8 248 020 39 449 
NGO} oe on gene oc eae ee 440128 64 358 
NGOS 2, ce Dk tance Gee aoe 76.0116 88 088 
NO: io uae hm eS 92014 96 384 
NCO: oe eects See ara 108.010 03 346 
A ee ee bea nck, oe ieee Boe oe 
Na a? cae wut we 2 Sm atbok os 22,9898 36 154 
DING: us ce couts ctv ce ee abce “a 45.9796 66 257 
ONae ean oe ee 68 9694 83 866 
ON Sc cts. ok ead 94.9592 96 360 
ENA o a & otic. oa ae 114.9490 06 054 
BNAl nc cal oe bh eeaet 137 9398 13 969 
Na AIF, .........2.~. 2099413 32 210 


NaAlSi,O, ah, are ae GA HE Sex. oe 262.229 41 867 


Table 6 (continued) 


Formula | Weight, a loz a 
NaAsO, ............ 129 9102 11 364 
Na,As0,-12H,O ......~.«”. 424.073 62 744 
NaB(C,H.), .........~. 342.229 53 432 
NaBH, ............ 37 833 57 787 
NaBO,-4H,O .......~.~. 137.861 13 944 
NaBO,-4H,0 .......~O” 153.860 18 713 
Na,BO,.........2.~2~. 201.22 30 367 
fNa,B,0,......2... 100.64 00 264 
Na,B,0,-40H,0 0s 381.37 58 135 
es i Na,B,0,-10H,0 |... .. 190.69. 28 033 
GIT se! ee ta a a tee Se : 
NaBr. .... 1... 102.894 01 239 
NaBr-2H,0 2. hee oes 138.925 14 278 
NaBrO, ............ 150.892 17 867 
/,NaBrO, ........ 25.1487 40 052 
NaC,H,0, ..........~. 82 0348 91 400 
N (eoeese) 3H,0 136.084 13 380 
Aun eaVUo*OMoVU . 2. we ew ww 5 
Na,C,H,0,-2H,O........ 230.083 36 188 
tartrat 
Na.C,H.0,-5%3H,0 ...... 357.156 55 286 
itrate 
NagCqHO, Pee 210.098 32 242 
(phthalate 
NECN s -. G-ea@ bb ford Bs 49.0077 69 026 
NaCOy. cou. d% nck od hae 2 105.9890 02 526 
H,NasC0, Se te Bh ao 52.9945 72.423 
Na,CO,40H,0 ... 2.0.0.” 286.142 5 658 
'/,Na,CO,-10H,0.. 1... 143.071 15 555 
NOMEO, ss oe hee &. 6 134.000 12 710 
Na;C,0, : 67.0000 82 607 
NGG ee ore Gale sine 58.443 76 673 
Naclo. 11... lll. 74.442 87 182 
NaClO, ........00~0~! 106.441 02714 
NaclO, .......-0020~- 122 440 08 792 
No ee 161.973 20-944 
Boil wa be oS te a a BS aE a Se F 
Na,CrO,-4H,O ......... 234.035 36 928 
NasCr,0O... 3. ea ee eS 261 .967 41 825 
Na,Cr,0,-2H,O ........ 297 .998 a] dz 
NaF. .......-0000;. 44 9882 
Na,Fe(CN),-10H,0....... 484.07 68 491 
Na,{Fe(CN),NO]-2H,O .._. . 997 953 47 415 
(nitroprussiate) 
Na,HAsO,........... 169.9074 23 024 
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Table 6 (continued) 


Formula | Weight,-a 


Na,HAsO, . . 2 2 1 ee ee es 185.907 26 930 
Na,HAsO,-7H,O ........ 312.014 49 417 
Na,HAsO,-142H,O ....... 402 .091 60 432 
NaHC,H,O, .....-.--+- 172.071 23 574 
(hydrotartrate) 
N@HC,H.O.- o.«, & ~ &e@ ae 188.116 27 443 
(hydrophthalate) 
336.244 52 661 


aol 2Cy oH ge es ses ee e# @ @ # 
(ethylenediaminetetraacetate, com- 


plexone a trilon B) 
Na.HoCioH 120gNq-2H20 372 .242 57 083 
(cthylenediam! netetrancetate, " dihyd- 

NaliCOs sou. « 4 aus wid & Boe « 84.0071 92 432 
NaNCs0% 125. oe Gam oe 4 112.018 04 929 
NaHC,0,-H,O ....---- > 130.033 11 405 
NaH.PO, ....- +--+ +s: 87 .9783 94 438 
NaH,PO, ...----::-> 119.977 07 910 
NaH,PO,-2H.O ..-.----- 156.008 19 315 
NaH PO ye 275 shee eae 141.959 15 216 
Na,HPO,-2H,O ....---: - 177 .990 25 040 
Na,HPOQ,;-12H,O ...- ++: 358.143 55 406 
NaH Se os. 6. @. Sc ee Ele 56 .062 74 867 
NaHSO. ¢ gc G4 So aaa we BY 104.060 01 728 
NaHiSO,....----+:-:: 420.059 07 939 
NaHSeO, ..--- eee 150.96 17 886 
UNA D x mse 6 cae che ee. SS eh rag UD we OA Se 149 .8942 17 578 
NWalOs.-%: ¢: 4 ela @ om oh eh ee 197 .8924 29 643 
NalO@ ie ox eee ee et Go 213.892 33 019 
Nak C,H, Oo. 4HoO 2... 2 ee 282.226 45 060 
NaM (U0 C,H -6H,O .. 1496 .88 17 518 
Na, gti al aHgOa)e Phar | 905792 31 370 
Na,sMoO,-2H,O ..---+:-- 241 .95 38 373 
TINA Gs! cas Sac Gey ey Eas Se EN 65 .0099 81 298 
NaNH, .....-2-+ +235 39.0124 99 120 
NaNH,HPO,...-----:- 137 .008 13 675 
NaNH,HPO,-4H,O. ....-- 209 .069 32 029 
NaNQe. &. 8 ae oe ee Se oe 68 .9953 83 882 
NANOS. si 2 dR be eo ew ae 84 .9947 92 939 
WasOe 2 es 2 ca. ee le see oe 61.9790 79 224 

1 Na.O.». d.6.5 ae we 8 30.9895 49 124 
(i FO ae ee ne ne ee 77 .9784 89 197 
NaOH oak 6m eR eS Os 39 .9972 60 203 
NaPOed js oo dug 3 Se ed ed 101.9618 00 844 
NaGPOg. 05 ie cerns te ee ee 163.944 21 469 


NasP04-12H,O. 1.1... 380.125 57 993 


Table 6 (continued) 


Formula Weight, a log a 
Na,P,0,.........00. 265.903 42, 472 
Na,P,0,10H,O ......~.~. 446 056 64 939 

QS eee es Eh eee 78.044 89 234 
Na,S-9H,O .....,,/ 27 240.182 38 054 
NasCN......//0005 81.072 90 887 
NaS0O, ............ 126 042 10 054 
Na,SO,-7H,0 .......~.~. 252.149 40 166 
NasO, ..........0~2 142.041 15 241 
Na,S0,-10H,O ... 1... 322195 50 812 

BSsOe oe ee ae 158.44 19 896 

/,Na,S,0,.......~.. 79 053 89 792 
NaS,05-5H,0 . 248.18 39 477 

~"Y/Na,8,0,-5H,0 ..... 124094 09 374 
NavS.0; 0. oe ew we 174.14 24 082 
Na,S,0,-2H,O........~. 240.44 32 254 
NaS,0,...........~. 190.40 27 898 
Na,S.0,.........004 238.10 37 676 
Na,SbS,-9H,O ......«.(. 481.14 68 224 

Be C06. kk te 4. ee Be ey BB 172 .94 23 790 
NaSiF, ........000e 188 056 27 429 
NaSi0,...........~. 122.064 08 659 
Na,Sn0,-3H,O......~.(~Ot 266.74 42, 604 
NasULO.. Cw bees 634.04 80 242 
Na,U,0,6H,O......... 742,13 87 048 
NaV0,-4H,O0 ......... 193.994 28 778 

NaWO,.....22000~0~«” 293 81 46 807 
Na,W0O,-2H,O......... 329 | 84 54 830 
NaZn(UO,)s(CaH,0.)p-6H,0 1537.94 18 694 
Nb .. 0... ee ee 92.906 96 804 

ONBuk.. 6 eo wa ae 185.812 26 907 
NbClL .........0t 270.17 43 164 
NbsOn s-..-ap oecuhc ee ee aes 265.809 42, 457 
a 58.74 76 874 
UNI: (a, bce at > acest ae 99355 46 768 
ONi..... 117.42 06 974 
Ni(CjH,0 n)a4H,0 ec ee es 248 86 39 596 
aceta 
Ni(GAHLO,N)p eo eee 288 .94 46 084 


ae 
(dimethylglyoximate) 
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Table 6 (continued) 


Formula Weight, a log a 
Ni(C.H,N V(SCN)s «tn knee ob 2 491.28 69 133 
(pyridine) 
Ni(C-H,O.N)o . 1... 2: 330.97 51 979 
(anthranilate) 
Ni(CpgH,ON). .. 2 eee 347 02 54 035 
Thy teas cau actaes 
Ni(C,H,ON),.-2H,O ...... 383 .05 58 326 
NICOs 6 tac p & A Bt: es A 118.72 07 452 
Ni(GO)e 6. ss ae See he oS 470.75 23 236 
NiCl;-6EO. % 5.2, ¢.2% oa» 237.74 37 605 
iG la ge eae ee Oe HS 129.62 11 267 
NiO, ee er De 182.72 26 179 
Ni(NO,),6H,O ...----- 290.84 46 361 
Ni(NHy)a(SO.) 6HeO" 40 ous 395 .00 59 660 
4s Oi eh, hese a, GP Cel Ee SOM 74.71 87 338 
Nis, Sik. ig Se Hela th en Soe 465.42 24 859 
NisP5O5- 3 ¢5¢.% Goo & & Sa Ges 291 .36 46 443 
Oi estes hath <ES Seu Se? aR ee 90.77 95 794 


NiSO, Se oe hh Soe. & 


7.9997 90 307 
31.9988 50 513 
47 .9982 68 122 
63 .9976 80 616 
79 .997 90 307 
95 .996 98 225 


Oo gk me hee ee ES RS 45.9994 20 410 
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Table 6 (continued) 


Formula | Weight, a log a 
OSG shen its 38 a ee ge iy 332.0 52 114 
QSOg- oh dackcce 3: ou es Hee, te BS 222.2 34 674 
O50}, 2-2 beck oe des 254 .2 40 518 
as ys, Get Hie Fes ep Bs Be, Oe Ge OS 30.9738 49 099 
NPE she vis 8. ee BS a Re 6.19476 79 202 
UEPE ee de any ree as HES 10.32460 01 387 
Ze 2 & @- ae he Bed ce 61.9476 79 202 
SP 2i eS eae eae 92.9214 96 812 
PBs. 4 Sak 2H we oee 270.686 43 247 
PC eat o.oo. oe ee 137.333 43 777 
PO is foe Coe ae oe & 2 208 .24 31 856 
PH o.oo: cn ure aes Bede Be 33.9977 53 145 
POS fi, oe-8 ec bo Oe Bee 4 62.9726 79 915 
POG 2 oom o de Be Se 78 9720 89 747 
BO; oe ced ee Be e- 94.9714 97 759 
BPOn aki) oe eee es 189 943 27 862 
PeOeg eG) ss aa ee Seat Sl eS 109 ,9458 04 118 
BO. oi. 24 ee eee 141.945 15 212 
PsOe Siderits aoe Be eS eS 173.943 24 041 
POC a: @ se oe eRe SS 153.332 18 563 
P,O,-24M0O,. .--- ++: +> 3996.5 95 088 
PBe . oe eres. OSs bo ee a a Oe 207 .19 31 637 
TEDW, = Scere ee ae 103.595 01 534 
DED Ae ies ge tet GO a ie Ree we Se 414.38 61 740 
SED 18. bok. Be ee REO 621 .57 79 349 
PBB: occ ad oe oe ee ee 367 .00 56 467 
Pb(CoH,03)s i was Pattinde! Gund Haire 325 .28 51 226 
acetate 
Pb(C.H,0,)¢ S106 4.4.0.4 BS 379 .33 57 902 
PHICLH,), «ee ee ue SS 323.44 50 979 
Pb(C.H,NS.)OH ......-.- 390.44 59 155 
(mercaptobenzothiazolide) 
Ph(C,H,O.N), ...- ++: - 479 45 68 074 
(salicylaldoximate or anthranilate) 
Ph(C,gH,O;Nq)o-14/-H,0 ... - 760.60 88 116 
picrolonate) 
Ph(C,sH,,ONS), ...---.- 639.75 80 602 
thionall e) 
ee is ea es en Soe ss 267 .20 42 684 


Formula 


— ee &© 8 © ee 8 © & 8 8 ee 


PdsO, 
PdSO, -2H,0 


Weight, a 


349 .00 
261.64 
323.18 
245.19 
461 .00 
367 .13 
331 .20 
223.19 


239.19 - 


685.57 


log a 


34 283 
41 770 
90 944 
38 950 
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Table 6 (continued) 


; 


Table 6 (continued): 
Weight, a 


85.47 
170.94 
920.76 
230.95 
120.92 


102.905 
205.810 
209 .264 
134.904 
253.808 


Formula | Weight, a 

SOOGIN: <i ik . kw BO 174.25 
QSGN « = x4, £3 & & = & 232 .33 
DOGG ib at Me ho, feats eB 290.44 
OSCN- 3.6 & 4-6. Eo SS 348 .49 
ls 4c sk. Bas he Aa a gs ye Be 33.072 
BOE nx ..o 8 ee ae eB egs 66.14 
BO) fw a Keres & GS SS 99 .22 
DOS. ca ate. wt Sack Bs SE he ee os 64 .063 
DOF i ee a wee, A a SE 80.062 
DOS. og 27 eb R AG Boe we SY, S 81.070 
QSOs ge Se we, Resale 162.14 
GING seca Gs ee ed es ee ek eH 103.052 
9SONa. bg 2d Hey eee 206.10 
DOS foes. | ode Go ee ee 96 .062 
950, us 8. 4-e. oto eee 4 192.12 
3S0, 288 .18 


ShC,H-O¢ 4 & See 262 .85 
(pyrogallate 

SH(IGHON)s oc oe 554.21 
(hydrox yquinolate) 

Sb(C,.H;,ONS)p .- - se ee: 770.60 
(thionalide) 

SbCl 2 ese 6 ee Ried & aS 228.14 

SHCIe 2 je 8-25 ok oe OY 299 .02 

Sie oh: oo @ aod eee & 502.46 

SHOGL «3 6. fe-a ck Mh aS Ow Ge oe 173.20 

SbiOs: do ocd. a be oe o  e S 291 .50 

sO wae Ah. he eres me He HS 323.50 

BUSS nde thle: oe Geeks He Oo 250.04 

Slee Se coh A eh nse, Grin eee fi 339 .69 

SiGe os aoa ta ie. ear Myo 403.82 


log a 


24 117 
36 611 
46 301 
54 219 
01 946 
82 046 
99 660 
80 661 
90 343 
90 855 
20 989 
01 306 
31 408 
98 255 
28 357 
45 966 
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Table 6 (continued) 


i e e 


Formula 


oe 8&8 ee e@ ee &®&  @  @  e& ee 


eo &— #@ ee @  @ #@  @  @  @®  « 


= 8 e©  e«  @ ee  @e@ oe oe  @® 


e ese 8 e @  @e@  @ oe ee oe 


Table 6 (continued) 


Weight, a 


44 .956 
89.912 
137.910 


log a 


ee ee @  .e#  e8& oe a 


= 8  @®  @e@ oe  @& 
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Table § (continued) 


Formula | Weight, a log a 

SHS. x fic ceca wa Re Aes Hd ae 150.75 17 826 
SiGe: Ack fe lon, as te deh oe 182.82 26 202 
SUG es ore bese ee Oe ae 214.88 33 220 
DNS Ao ot wie eee a, ee Be Br 87 .62 94 260 

WG c. & hh wis oe Bie 43.810 64 157 

DST. oe nce. ep eg se, A 175.24 24 363 
Sr(C,Hj0,).-%eH,O . . .-: - 214.72 33 187 

(acetate) ae 

SIC,0, om eee EES 175.64 24 462 
SECsOss 1150s wy. 6-5-0: de 2s ee 193.66 28 704 
DI Cee a. So teh, eh Be he he ae SO 147 .63 16 917 
SIG, uc kk, oa oo a eR 158.53 20 044 
SrCl,-GH,O 2... es 266.62 42, 589 
SrCro, peda AN, Sani Hie oat ss He Oo 203 .64 30 880 
Sr(NOs)e . brid Wcoh oe Gp ee ae 82 os 
Sr(NO,),-4H,0. 2... 

r Os)s “Ms ee 103.62 01 544 
St OU yo, ed or he Be 124 .63 He a 
Sr(OH),-8H110.....+.+++5 265. 

StS0, hs a ae ee ee 167 .68 29, 448 
SISO; fos og. we he ec eee 183.68 26 406 
SiO ce, 2 a ee 199.75 30 049 
TM os bh he Oo a 180.948 25 755 
7d a a nn eee ee 361.896 55 858 
TACs 6 Gathee tes ae ee OS 358.24 55 444 
TasOe 6 ain. de Sa Rie oO 441 893 64 532 
Lee ee ee ee okt 2 Sie Ni es oe, hi, aca ts, Wee ON es san ae Ut te de 
Tee se ok. ee 127.60 40 585 
OG 6 22 oan in es. dee ee 2 255.20 40 688 
TREO. 6, aa A a 159.60 20 303 
MOO. he oe Sy Beh oe eee 475.60 24 452 
TOOG ‘eisai cat Se ve he te see 191.60 28 240 
MRS 8h Geos Nase ite che. Hest Gee oh SE 232.038 36 556 
DO essed! he" See cae eon 1S on cet 464.076 66 659 
Th(C,H jON)s ce Sad Yee wa sats ee. 808 .655 90 776 
(hydroxyquinolate) 


o9— 1845 
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Table 6 (continued) 


Formula | Weight, a | loga 
Th(Cy,H,ON),-(CpH;ON) . . . 953.817 97 947 
eee (hydrox yquino- 
Th(C,9H;0;N4),-H,O . 1302 .818 11 488 

(picrolonate) 

Th(C,0,).-6H.O ........ 516.170 71 279 

(oxalate) 

Ma arog Mio ce, ae Ae “ee Ae ee 373.850 o7 270 
THON); 2c ase dove & AS eA 480.058 68 129 
Th(NO,),-4H.O ........ 552.119 74 203 
Th(NO;),-42H,O .. 7... 696 .242 84 276 

ain os hee whit Se et Gs Be we og 264 .037 42 166 
PISO goo & wet op aed. ce ead 424.16 62 753 
Th(SO,4),-9H,O ........ 586 .30 76 812 
Mie, rat ee ak e's, Wet he as Tee a oe Pe 47.90 68 034 

MeL. oo oh &, Hae, ee BA 11.975 07 828 
eA 8s ek SE EO Be ee 15.967 20 322 
OS ace Bik oe Ok: BLE eA OS 95.80 98 137 
Cle: ee ge eG Le 154.26 18 825 
TiGDy. ssh, Goa 6.0, ide orm nth, & 189.74 27 809 
TiO(C,H,ON), .....--- 352.24 54 684 
hydroxyquinolate 
(Oe. she 79.90 90 255 
(TiO),P,0, .......0-. 301.74 47 963 
OSGeo. @ Be oe 4. ARS 159 .96 20 4014 
lh ae Bite: oe Gece ee see oe ah os oe ee 204.37 31 042 
Be oh -t.cn. RS hobs ga Be SF 408 .74 61 145 
VIBE. 28-4 ne Se eas 284.27 45 373 
TIG-H{NSo. ci-cu-w boa, ose A 370.64 56 892 
(mercaptobenzothiazolide) 
T1C,,.H,,ON hsp igh ny xe se Ge 8 420.65 62 392 
(thionalide) 
DIG) Boe Sa ee eee ee he tae te Be se 239 .82 37 989 
THCLOe hcg. bh Bete a he eee 524.73 71 994 
Wie saad Cake ahs ae Ae ah tone Gee he ok a 331.27 52 018 
TUN si cycce: 4 od Ge 3K Ge 266 .37 42 549 
TUEO! cess -he begs HG cy Gk hd 424.74 62 812 
TOs: Goce cee 2k nen, Ga. eow 456.74 65 967 
TGV? fae. ok 3 ec i eB 221.38 34 514 
TIPtCl, 2. ea ee 816.55 91 198 
leSs ao sta 3 eh es ok Bo 440.80 64 424 


Formula 


UO,(C, H;O0 a)a 


(ace 


tate) 
U0,(C,H,0.2)g°2H.O 
uO. (CyH, ON): (CH N) 
(hydroxyquinolate) Acdece vaalnel inc) 


UO,(NO,),-6H,0 
(UG,),NaMg(CqH30. a 
(U0,)sNaZn(Ca H,Os)o -6H,0 


UO, ua. 
U0,80,-3H,0 


149 882 
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Table 6 (continued) 


Table 6 (continued) 


Formula Weight, a log a 
V,0,(C,H,ON), ........ 726.499 86 124 
eeareeyaclnolia 
GOR. Anos ap SN Ao ee ee a ee 181.881 29 979 
WV aaah ae ae ete we, BP ee de 183.85 26 446 
| GA a ee a a ae 367 .70 96 549 
WG ces sds kt he ee 2 195.86 29 195 
WG a 23. fas Se. Cay “yor 1 GR ah 361 .12 59 765 
W0,(CsH, ON )o-s. &. a:-det Sees Bed 504.16 70 257 
inti teeealanias 
WO os 6. eee @ 2 be Bat oy 234.85 36 524 
WO hace So aad, Sk Sa. tte 247 .85 39 419 
Me a ae ae Gh tgs tee teas ee ee 88.905 94 893 
OV: & be ea Re ES eS 177 .810 24 996 
VOe. 04 3 te ae ee 225.819 35 374 
Mp dec e oh Ge Bae, He Ec 65.37 81 538 
WD ek ee oe bc eA 32.685 514 435 
COM oe aks at a va d= Sees a he ay 130.74 14 641 
5 A) | re a ee oe ee ee 196.41 29 250 
ZO(C,H.O we. & Ack oe Oo Ges 183.46 26 354 
eta 
an(C, H,Os)s 2H,O....... 219.49 34 144 
Zn(C,H,N)_(SCN Ne see dives ca See 339.74 53 415 
(pyridine) 
Z0(CH,O.N\s: oo @ ae se OS 337 .63 52 844 
(anthranilate) 
Zn( HeON)s Laid oh, 4h St ee se 303.68 04 864 
(hydroxyquinolate) 
Zn(CyoHeO,N)g-HgO .-.--- 427.74 63 115 
(quinaldinate) 
TOHGN)s a. s&s oe bee eee 117.44 06 974 
Oe are eer 125.38 09 823 
DOC e: 008. ce A me ee ee aS 136.28 13 443 
ZnHg(SCN),........ 0. 498 .29 69 748 
ZONH,PO, .......+.4. 178 .38 25 135 
Zn(NO, Ve ek. & ges as ee So 189 .38 27 733 
Zn(NOp)s: 6H,O ..... 297 .47 47 344 
Gr amy: ak eae tals tan, wigs es Baad as Sal. 81 .37 91 046 
DOOM) go: ss So a Ge Se ee eR 99 .38 99 730 
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Table 6 (continued) 


Formula | Weight, a log a 
Zng(PO,),:-4H,O .......- 458.14 66 097 
TP sOe e257 6 Soe Gh -gites-B eb 304 .68 48 384 
LNG: dé. See SS RD BG 97.43 98 869 
DNS Oo , 2e oS oi, 1a Rb hy A AS dm OP 161.43 20 798 
ZnS0,-7H,0 .. 1... 1 287 .54 45 870 
De, Re ds Bode ie de ce ee 91.22 96 009 

BOE? we ee ee BOR OS 182.44 26 112 
Zr(CgH,ON)g . ee ee ee 667 .84 82 467 
(hydroxyquinolate) 
Dien 2 gs en ae AG Be 233.03 36 741 
LECNOs)@ toe ae Bar & @ ar 2 339 .24 93 051 
Zr(NO,)4-5SH,O .. 2. 1s 429 .32 63 278 
Sie eth wiBla  ci h uee eA 28 123.22 09 068 
ZrOCl,-8H,O ......-.-- 322.25 50 819 
PPO. 2c a oe Bete ee 265.416 42 354 
BY(S Og) 6 36300 ser os a, ie Ne OR 283.34 45 231 
Z1(SO4)a° Be On cs te we ae Gen eek 390.40 99 072 


ZSi0, ss ee el 183.30 26 316 
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Table 7 


Analytical and Stoichiometric Multipliers (Factors)* 


If g is the weighed portion of a substance taken for an analysis, 
a is the mass of a dried or calcined precipitate (gravimetric form) 
and f is the multiplier found in the given table, then the percentage 
of the unknown substance can be found according to the formula: 


enol os, log z= log a+ log f+2—log g 


where a and g are expressed in the same units. 

Calculations must be made by discarding the characteristics of 
logarithms and leaving only the mantissas. Then, every calculation 
is reduced to the addition of three numbers 


log a + log f + (4 — log g) 


In this table, the multipliers and their logarithms occasionally 
do not exactly conform to one another because the multipliers are 
rounded, while the logarithms of the multipliers—the intermediate 
stage of calculations—are given in more accurate numbers. 


Substance 


petne Geter: Weighed portion Multiplier, f log f 
a 
Ag AgBr ........., 0.5745 75 926 
AgCl .......... 0.7526 87 658 
POT kh Be eG, Se i he Bs 0.4595 66 224 
Al Al(C,H,ON), . ....., 
(hydrox yquinolate) 
WO. a 3m ug es kod, ce . g 
ra 0 9 07 en a nr ae nr 
Ba BaCrO, .......2.., 0.5421 73 411 
BaSO, ......... 0.5884 76 970 
BaCl, BaSO, ......... 0.8923 95 049 
BaCl,-2H,O| BaSO, ......2.2.. 1.0466 01 979 
Be BOO} keds arc Be a | 0.3603 | 599 669 


* For the use of the table, see p. 460. 
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Table 7 (continued) 


pou etane 
cing deter- Weighed i j 
mined ghed portion Multiplier, f log f 


0.6293 79 887 
0.3258 o1 294 


Bi(Cy. 
ote 


0.2729 43 603 
0.06086 78 434 


0 ,2230 34 831 
0.4397 64 316 


Cd(C-H,4NSz2)2 
(mércaptobenzothtazolide 
Cd(C;H,02N )o 
KC anthranilate) 
C Cpl, ON), 
ae roxy uffolate 


C,H 6 
ost 
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Table 7 (continued) 


Substance 
pene oer = Weighed portion Multiplier, f log f 
Cl | AgCl ... 2.20... | 0.2474 | 39 334 
C10; | AgCl .. 0.0.00... | 0.5823 | 76 512 
C10, | AgCl .......... | 0.6939 | 84 130 
Co Co,P,0)......-0- | 0.4039 | 50 629 
Cr BaCrO, ......... | 0.2053 | 31 228 
Cro, BaCrO, ......... | 0.4579 | 66 075 
Bet grt pen th i de tacke-ae alld ae 6 cee leas ce oe pee 
Cr,0, | BaCrO, ......... | 0.4263 | 62 974 
Cu Cu(C,H,N),(SCN), . ...| 0.1884 97 429 
(pyridine) 
Cu(CjH,ON)g . ..... 0.1806 25 673 
(hydroxyquinolate) 
CuC,jHjO.N. ... ee. 0.2200 34 250 
(cupron) 
CuO... . 2. ee 0.7989 90 248 
F CaF, . 2... ee. 0.4866 68 724 
PhCIF.......... 0.07264 86 102 
Fe | Fo0, ......00.. | 0.6994 | 84 473 
H | HjOne ecb aS ew | 0.1149 | 04 884 
HBr | AgBr.......... | 0.4309 | 63 438 
HCN | AgCN......0... | 0.2019 | 30 504 
HI | AN a: & gst Gears docs | 0.5448 | 73 626 
HNO, CooHieN,-HNO, ..... | 0.1679 | 22, 495 
(nitron) 
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Table 7 (continued) 


Substance 
being deter- Weighed portion Multiplier, f 
mined 


H,P0, 


H,SO, 


KN (Cy H2)2(NOz)o 
(dipicrylaminate) 


Mg(C,H,ON),s 0.07775 
(hydrox yquinolate) 0.2184 


0.6665 


0.2613 


Na,SO 
NaZn(U0,)9: -(C3Hg09)9 X 


N tina aN,O, 0.2032 


dimethylglyoximate) 
0.7858 


log f 


03 790 
71 972 
45 058 
91 340 


20 658 
65 212 


89 069 
33 930 


82 382 
41 718 


o1 016 
17 460 


30 790 
89 533 
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Table 7 (continued) 


SubStrance 
petne eotere Weighed portion Multiplier, f log f 
Ni NiSO,.......... | 0.3793 | 57 902 
P MGs Pi Oe ie: eae ae Oa eee 0.2783 44 4956 
(NH4)3PO,:42MoO, ... . 0.016514 21 769 
(theoretic) 
0.01639 21 464 
(empiric) 
P,0,;-24Mo00, ...... 0.01722 23 614 
Pb PHCrOe -& zea we gh ok h S 0.6411 80 693 
PbMoO, ......... 0.5644 75 155 
PDSO se & a. 4 hs Geko se % 0.6832 83 457 


0.3500 34 831 
0.4397 64 316 


Substance 
being deter- 
mined 


2n 


Weighed portion 


Zn(CsH,N ).(SCN ) 
(pyridine) 

Zn(C,H,O.N). 
(anthrani{late) 


Zn(CyH,ON 


(hydrox quinolate) 
ZuHg(SCN), . 


719 


Table 7 (continued) 


Multiplier, f 


0.1924 
0.1936 


76 
Table 8 


Solubilities of Inorganic and Some Organic Compounds 


The table shows the number of grams (P) of an anhydrous substance, 
given in the second column, which is dissolved in 100 g of water at 
a temperature indicated in the upper line of the table. When express- 
ing these data in weight percentage (P,%), i.e., in grams of an an- 
hydrous substance contained in 100 g of a saturated solution, the 

P .100 
100-+-P ° 

S.Ph. stands for solid phase, i.e., a crystallohydrate which is 
in an equilibrium with a saturated solution. The third column gives 
the number of water molecules in a crystallohydrate (S.Ph.) which 
is in an equilibrium with a saturated solution. If the solubilities of 
two or more crystallohydrates of the same substance are givon for the 
same temperature (for instance, at 0 °C the solubility of Na,SO,-10H,O 


calculation is made by the formula P, = 


Tempera 
Formula S. Ph. 0 10 20 30 
ra Solubility of an anhydrous subStance in 
1| AgC,H,0, . . — 0.72 0.88 1.04 1.24 
2) AgF ... .| 2H,0 — 119.8 172.0 190.4 
3} AgNO, .. . — 0.155 0.220 0.340 0.510 
4) AgNO, .. . = 122 170 222 300 
5| AgSO, ...| — 0.57 0.69 0.79 0.88 
eA ee Se ee ee ee ee 
6} AIC], . . . .| 6H,O 43.8 44.9 45.9 46 .6 
7| Al(NOs)3 . -| 9H,O 64 67 75.4 84 
8] Al.(SO4)3 - - | 18H,O | 31.2 33.5 36.4 40.4 
a a ee 


(25 °C) 


As,0,... - 59.5 62.1 | 65.9 69.5 


9] As,O,. . . = 1.24 = 2.04 = 


98 101 104 
0.287] 0.441] 2.656] 0.96 
59 63 “1 oe 
15| Ba(C,H,0,), | H,0 = = = 75 
16] Bal, .. ..|2H,0 | 31.6 | 33.3 | 35.7. | 38.2 
17| Ba(ClO,), . . | HO 20.33 | 26.95 | 33.80 | 41.70 
18| Ba(ClO,), . .| 3H,0 | 205.8 —~ | 289'2 = 
Bal, | 184.1 | 203.1 | 219.6 


17 


in Water 


is 5.0 g per 100 g, and the solubility of Na,SO,-7H,O is 19.5 g per 
100 g), then the crystallohydrate having the poorest solubility will 
be in a stable equilibrium with the saturated solution, and the other 
crystallohydrates in a metastable equilibrium. 

The solubility values of sparingly soluble salts are estimated by 
their solubility products (see Table 10). 

In the table, the substances are arranged in the alphabetical order 
of the elements included in the formula which is written in the most 
common way. This must be taken into account when looking in the 
table for acid, base, double and complex salts whose formulas are 
occasionally written differently. 

The solubilities of gases are given at a pressure of 760 mm Hg. 


ture, °C 


100 g of water at a given temperature, g Zz 
1.41 1.64 1.89 2.18 2.02 — 1 
oO 0.995 | 4.363; — = ae = | 3 

0.715 — — — 
376 455 5920 — 669 — 952 4 
. 1.08 1,15 1.23 1.30 1.36 1.41 9) 


47.3 — 48.1 — 48 .6 — 49.0 6 
89 96 108 120 132.5 153 159 7 
45.7 52.2 59.2 66.2 73.1 86.8 89.0 8 


2.93 3.43 4,44 5.62 _ — 8.17 9g 
(75 °C) 
71.2 — 73.0 — 79.2 —~ 70.7 10 
Se Re ec es en Do 


114 118 123 128 135 — {149 12 
1.33 1.75 2.32 3.01 3.65 4.45 Q.7 5 
79 77 74 74 — — 79 15 
40.7 43.6 46.4 49.4 02.4 — 08 .8 16 
49.64 — 66 .80 — 84 84 — 104.9 17 
308 .7 — 426.3 — {495.2 962.2 18 
19 


2093.7 | 234.3 1241.3 |246.6 (257.14 1270.4 {284.5 | 20 
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Tempera 
Formula S. Ph. 0 | 10 20 30 
(=) 
Z Solubility of an anhydrous subStance in 


21 Ba(NOg), o 6 H,O —— — 6 


20) CO. ea 2 — 4.4X10-8 aes 2.8X 10-5) 2.4 10-8 
x 10- 

30} CO, .... — 0.3346] 0.2318 0.1688} 0.41257 
31) CaBr, 6H, = 

32| CaBr, 4H, — — _— _ 

33] Ca(C,H,0,). | 2H,0 37.4 36.0 | 34.7 33.8 
34) Ca(C,H30,)o He = as = rae 

30] CaCO, . . — 8.1 10-8 ie 6.9X 10-9| 5.2K 10-8 

x = 

36] CaCl, 6H,0 59.5 65.0 | 74.5 | 102 

37| CaCl, . . . .| 2H,0 a = = = 

38} Ca(HCOs).. .| = — 0.1615, — 0.1660] — 

39 Ca(H,PO.) =? =e Sei 15.4 — 

(25 °C) 

40| Cal, ....-| — | 182.5 | 194.4 | 208.6 | 222.5 
41] Ca(IO,). . .| 6H,O 0.10 | °0.47 = 0.42 
42 a(IO3)o H,O = = = = 
43| Ca(NO.), 4H.O 62.4 se 76.7 = 
44 Ca(NQOz)s 2H,O — oe = ——- 
45| Ca(NOs)o 4H,O | 402.4 | 115.3 | 129.3 | 152.6 
46| Ca(NO5) 3H,0 = = a as 
48) Ca(OH), — 0.185 0.176 0.165 0.153 
49| CaSO, 2H,0 = — |4.3x10-3}) — 
50| CaSO, 2H,0 0.1759] 0.1928] 0.2036] 0.209 
o1) CdBr, .. .| 4H,O 06.2 75.4 98 .8 128.8 
521 CdCl, . . . .| 25/,H,0| 90.041 | 122.8 = = 
53| CdCl, . . . .| HO — | 4135.4 | 184.5 = 


54| Cdl, ...-) — 79.8 83.2 | 86.2 89.7 
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Table 8 (continued) 
ture, °C 
40 50 60 70 | 80 | 90 | 100 


100 g of water at a given temperature, g 


1014.2 — 141.9 — {205.8 — {300 
14.2 17.4 20.3 23.6 27.0 30.6 34.2 
8.22 13.12 | 20.94 35.€ j101.4 — — 
— — — — 4X 10-4 — — 
3X 10-2 | 3.38K10-7) — — — — 9X 10-2 
_ 08 .6 64.0 — — _ _ 
46.7 — D0 .9 62 — 83 100 


2410-31 1.8% 10-3] 1.5x | 1.3x | 1.0 
40-3 | x10-3 | x10-3 
0.0973] 0.0764] 0.0576 — a 
68.1 — | 73.5 7 
33.2 30.8 | 32.7 | 33.0 |3 
4.4X10-3| 3.8x10-3]  — 


93.8 97.4 {100.4 110.0 — — {124.9 


= — tigge.g (441.7 (447.0 |152.7  |159.0 
0.4705) — 0.4750} — 0.47951 — | 0.1840 
ns < a = - — | 42'5 
242.4 _ (984.5 _  |354.6 — 1426.3 
0.64 0.90 | 41.38 = = = = 
0152 0:59 | 0.65 — | 0.80 = 0.95 
ie — 432.5 | 454.9 — |244.8 = 
196.0 a an a a ie = 
237.5 | 281.5 a a = 7 = 
a ay e — {358.7 — 1363.7 
01411 0.428} 0.116} 0.106] 0.094] 0.085] 0.077 
6.3x10-3] 7 45x | 34x | 2.7x | 14x 
| x 10-3 | x40-3 | x10-3 | x 10-3 
0.2097; — 0.2047} 0.1974] 0.1966 |  — 0.1619} 50 
151.9 — 1152.9 — 455.4 — 460.8 
135.3 136.5 — (440.5 — 1147.0 
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Tempera 

| Formula S. Ph. 0 10 20 30 

z, Solubility of an anhydrous Substance in 
55| Cd(NO,), . .|9H,O | 106 7 

56] Cd(NOz). . . | 4H,O — a 153 oa 

57| Cd(NOy)p . | — a - a 

58] CdSO,. . .| %/,H,0 | 75.4 76.1 = 17.7 

591 CdSO, . . .| H,O = me” ee eat z 

61] CeNH,(S0,). | 4H,O a = 533 oe 

62| Ce,(SO,4), - . | 9H,0 20.98 = 10.08 6.79 
63] Ce,(SO,), . . | 8H,0 16.96 = 952 = 

64] Ce,(SO,4), . . | 5H,0 = = i _ 

65| Ce,(SO,4), . . | 4H,0 = = = 

66| Cl, | = | 1.46 | 0.980 | 0.716 | 0.562 | 
67| CoCl, . . . . | 6H, 43.5 47.7 | 52.9 59.7 
68] CoC] "| 2H.0 ia = SS = 

69] Col,’ 6H.o }6| 138.1 | 159.7 | 187.4 | 233.3 

71| Co(NOs)o 6H,0 84.05 — 1400/0 | 441.4 
72| Co(NO 3 — — a — 

73 Goto’) he 0.076 | 0.24] 0.40 | 0.60 
74] CoSO,. . . | 7H,0 25.5 ES 36.3 2 

75| CoSO, . . .| 6H,0 - as = = 

76| CoSO, H,O = = = 
Ee 
71| CrOs . . . | at | 164.8 | 166.0 | 167.4 | 169.5 | 


78\ CsAl(SO 12H,0 0.34 on 0.46 = 

79 Coe Pale pe | seta | 474.7 | 186.5. | 197.3 

301 CsClO, . | .| 246 3.8 6.2 9/5 

311 CsClO, ...|  — 0:8 1.0 116 26 

301 CsF 1/,H,0| — — | 366.6 = 
(48 °C) 

83] CsIO, . = = = 2.6 = 
(24 °C) 

g4| Cs10,. .. . | — = 2145), — a 

(15 °C) 
85) CsNO, ...| — 9.33 | 414.9 | 23.0 33.9 
86} CSOH. | |] — = 941| — 75.18 
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Table 8 (continued) 


ture, °C 
40 50 | 60 70 | 80 | 90 | 100 
¢ 
100 g¢ of water at a given temperature, ¢ Zz 
— — — ~ — — — | 55 
199 i _ _ ~ ~ | 56 
— — 619 — 646 — 682 57 
78 .6 — — — _— — — 58 
=, 77.1 — 70.3 67.6 64.5 58.4 59 
183.0 —  |196.5 — 219.6 Ss — | 60 
3.29 — — — — 41.05 — 61 
— 4.67 3.88 — — — — 62 
5.95 — 4.04 — — — — 63 
= == 3.25 — 4,20 — 0.46 64 
6.05 3.42 2.35 — 1.04 — 0.41 65 
| 0.454 | 0.386 | 0.324 | 0.274 | 0.219 | 0.125 | 0 | 66 
69.5 — _— = = = — 67 
— 88 .7 93.8 95.3 97 .6 101.2 106.2 68 
300.0 376.1 — —_ 400.0 — — 69 
— 0.67 —_— _— — — 1.33 70 
126.8 — —_ = = = — 71 
= = 167.4 184.8 220.5 334.8 — 72 
0.04 | — — — — — — |73 
49.9 — — — — — — | 7% 
= fee 55.0 — — — — 75 
bake ast = — 73.8 — 83.9 76 
mL 
| 174.0 | 182.5 186.5 | = 194.4 | 198.6 [206.7 | 17 
0.89 —_ 2.00 — 5.49 — 42.54 78 
208.0 218.3 229.7 239.5 250.0 260.14 270.5 79 
13.8 19.4 26.2 34.7 45.0 58 .0 79.0 80 
4.0 5.4 7.3 9.8 14.4 20.5 30.0 81 
S — 460 a2 am ia — | 82 
= ~ _ — — = — | 83 
= ss = _ ~ - = 
47.2 64.4 83.8 107.0 134.0 163 .0 197.0 85 
= S = 2 = — — | 86 


6— 1845 
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Tempera 
Formula S. Ph. 0 10 | 20 30 
z Solubility of an anhydrous Substance in 
87| Cs,PtCl, . .| —  |4.7X10-3} 6.4K |8.6x10-5) 11.9x 
x 10-3 *x10-3 
88} Cs,SO, ... — 167.1 173.1 178.7 184.4 
89) CuBr, ...|4H,O | 107.5 116.0 | 126.8 | 127.7 
90] CuCl, . . . . | 4H,O 68.6 70.9 — — 
91] CuCl, . . . .| 2H,0 — — 72.7 77.3 
921 Cul, ... — = = 1.107 = 
93} Cu(I0,), . .| H,0 _— 0.153 si 
94] Cu(NH,)oCl, | 2H,O 28 .24 — 35.05 = 
95) Cu(NO,), . .| 6H,O 81.8 100.0 124.8 154.4 
96 Cu(NOs), et ce 3H,0 po a aoe er 
97} CuSO, .. .| 5H,0 14.3 17.4 | 20.7 25.0 
98] FeBr,. . . . | 6H,O 102.1 — 115.0 122.3 
99] FeCl, . . . .| 4H,0 — 64.5 — 73.0 
100 FeCl, ee .» « « 2H,0 = aes = —— 
104] FeCl, . . . .| 6H,O 74.4 81.8 | 91.9 | 106.8 
102] FeCl, 2H,0 — — — — 


142| H,C,H,O,. -| — | 115.0 | 126.3 | 139.2 | 156.4 


(tartaric) 

113] H,C,H,O, . . | H,O 96 118 146 183 
(citric) 

114 H,C,H, ri e oe =“ ——, — ot oat 

1145] HC,H,O, ..|  — 0.47 0.24] 0.29 0.44 
(benzofc) 

416 H;0s5 — 0.090 0.14 0,22 0.30 
(Salycylic) 

447} HCl. .... — 82.3 — — 67.3 


448] HIO, ....| — | 236.7 — | 257.4 = 
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Table 8 (continued) 


ture, °C 
40 50 60 710 80 90 | 100 
100 g of water at a given temperature, g z 
15.8x | 24.2% | 29.0x | 38.9x | 52.5x | 67.5X | 94.5x | 87 
“40-3 | x40-3 | x10-3 | x10-3 | x10-8 | 10-5 | x10-8 
189.9 |4194.9 199.9 |205.0 [210.3 [214.9 |220.3 | 88 
a 134.4 = = = a = 89 
30.8 | e4.2 |87.6 | 92.3 |96.4 |403.6 [410.0 91 
= _ _ = = = 0.65 | 93 
43 82 = 56.57 — | 76.56 _ = 94 
7 “3 |igi.8 [194.1 207.8 |222.5 247.3 | 96 
oe "13°3 40.0 | 47.4 | 55 64.2 | 75.4 | 97 
128.3 — 1443.9 — 59.7 — 177.8 | 98 
Ey — 100.0 — ios 99 
ies pace ae = = 105.3 {105.8 [100 
= |we |=} =bol-hc & 
= = — — = y) 
_ at ne — 525.0 — {536.9 |103 
a — 466.6 = — — — 404 
= ae = _ — 405 
sie bs = 50.9 43.6 37.3 — 06 
ge Nee, ee Se Fe oo Poe 
1.178x | 1.024x | 0.790x | 0.461x | 0 107 
io ae 410-4 | X10-4 | X40-4 | x 10-4 


4.81 | 18.62 | 23.62 | 30.38 | 40.3 [408 

ae ree oe _— = — 130.0 {4109 
24.5 31.4 | 44.3 | 65.0 | 84.5 119.8 ~~ l440 
16.4 54.4 |35.9 | 51.4 | 70.9 “ |4o4.3 0 N44 
176.2 | 4195.0 |248.5 |244.8 [273.2 — |344.4 [442 
= = as - _~ ee — 443 
246 278 — 374 _ 1526 114 
0.56 0.78 | 1.46 |. — | 2.74 i=: 5.88 |145 
0.42 0.64 | 0.90 | 1.39 | 2.26 | 3.89 | 8.42 |146 
63.3 59.6 | 56.4 = - = lay 
280.2 = —  |360.8 — {420.8 |4118 


314.9 


Tempera 
Formula S. Ph. 0 10 20 30 
z, Solubility of an anhydrous substance in 
119] H.S — 0.699 | 0.502] 0.378 | 0.294 
120) H,SeO, — 90.4 122.3 | 166.6 | 235.6 
121| H,SeO, H,O 426.3 a 566.6 = 
122) H,SeO, — — — = 132.5 
123| H,TeO, 6H,O 16.47 | 35.52 ss = 
124] H,TeO, 2H.0 a4 33.85 50.05 
125| HgBr, — 0.3 0.4 0.55 0.65 
126] Hg(CN), — os 9.3 = ae 
(13.5 °C) 
127| HgCl, 4.3 5.6 6.6 8.3 
128] HgCl. — 4.4X10-4)  — 2x10-4 | 7x10-4 
fOOW Tee. Kear cee - 1.62 | -4.9X |2.9x10-2] 4.0 40-2 
x10-2 | x10-2 
130| KAl(SO4)s 42H,0 3.0 4.0 5.9 8.4 
434] KAuBr,. . .| 2H, = 18.3 oh = 
(45 °C) 
432| KAuCl, 2H,0 — 38 .3 61.8 94.9 
133] KBeF; — — _ 2.0 ee 
134] KBr — 53.5 59.5 65.5 70.6 
135] KBrO, — 3.4 4.8 6.9 9.5 
136] KC,H30., 14}/,H,O | 216.7 | 233.9 | 255.6 | 283.8 
137 KCoHs0s V/aH = = aa = 
ie /,H,O | 105.3 | 108.3 Ke s 113 
O 41/,H 5. | 
a KC, H,O | 20.3 | 23.7 | 26.4 | 28.6 
wi}Kel....-| — 97.6 | 31.0 | 34.0 | 37.0 
142) KC1O, — 3.3 5.0 7.4 10.5 
143| KC10, — 0.75 4.05 4.80 2.6 
144] K,CrO, . . - — 58 .2 60.0 64.7 63.4 
145] K,Cr,0,. . - — 5.0 8.5 13.4 18.2 
146] KCr(SO,) 12H,O — a 42.541 gfe 
(25 °C) 
1447; KF... .. 4H,0 44.72 | 53.55 = = 
148) KF ..... 2H,0 — — 94.93 | 108.4 
1449], KF ..... — — — _ -_ 
150] K,Fe(CN), — |{~30 36.6 42.9 = 
151] K,Fe(CN), 3H,0 14.9 21.2 28 9 36.8 
152] KHCO, .. . = 22.6 27.7 33.3 39.4 
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Table 8 (continued) 


ture, °C 

40 | 50 | 60 70 | 80 90 | 100 | — 

100 g of water at a given temperature, g z. 
0.232 0.186 0.146 0.109 | 0.076 0.041 0.000 119 
344.4 380.7 |383.0 383.0 |383.0 385 .4 — a 
1718 2753 oo — — — — 122 
—- — a —_ = — — 123 
57.19 — 77.54 — 106.4 — 155.3 124 
ns EEE: (EEE Es nn nn ne EE See 
1.68 — 2.8 —_ 4.9 125 

0.941 1.27 = = = 53°35 (|196 


9.9 11.1 14.9 17.2 24.2 37 .2 63.6 |127 


5 .6X 10-21 7.8X%10-2| 10.6x a an at — 129 
x 10-2 
40.0 |74.0 |109.0 [454 130 
ne se ae ca _ (492 134 
_ = = — 132 
oan iene ie 0 ‘0. | 99.2 ea: ae 
75.5 80.2 | 85.1 90.0 | 95.0 134 
13.2 17.5 | 22.7 — | 34.0 — | 50.0 135 
393 .3 = — — — = — 
— 350.0 |364.8 [380.1 | 396.3 — (437 
= oe = — | 95 — 122 138 
3 (426.8 [4133.5 [439.8 [147.5 [155.7 [139 
30s aC 35.4 37.2 | 39.5 41.3 | 44.0 (4140 
40.0 42.6 | 45.5 48.4 | 541.1 54.0 |56.7 |144 
14.0 19.3. | 25.9 32.5 | 39.7 47.7 156.2 (142 
44 6.5 9.0 41.8 | 14.8 18.0 | 24.8 [443 
65.2 66.8 | 68.6 70.4 | 72.4 73.9 175.6 |144 
29.2 37.0 | 50.5 61.5 | 73.0 96.2 02.0 445 
= = — — — — — 46 
— — — — — — — 47 
— _ — — — — — 48 
— — 142.2 — {150.4 — — {149 
61.3 = 74.0 — | 81.8 — 191.6 [450 
42.7 = 55.9 57.5 | 68.6 74.8 |77.8 154 
45.3 52.0 | 60.0 = =e _ lyse 
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Tempera 


Formula 1+ §S. Ph. 0 10 20 30 
z Solubility of an anhydrous substance in 
153| KH,(C,0,). | 2H,0 1.27 = = 4.29 
154| KHC,H,0, ma 0.32 0.40] 0.53 | 0.90 
155| KHC.H,0, = = — | 10 - 

(hydrophtha- 

late) 
156| KHF, = 24.53 | 30.10 | 39.48 = 
157| KH,PO, es 14.8 18.4 | 22.6 = 
158] KHSO, = 36.3 | 5114 a 
1591 KI... | — | 49715 | 136 = | 144 152 
160| KIO, = 4°73 se 8.13 | 11.73 
161 KIO, = 0.17 aa 0.42 = 
162) KMn0, = 2.83 4.4 | 6.4 9.0 
163| KNO, . — | 278.8 — | 298.4 ~ 
164, KNO,. ...| — 13.3 20.9 | 31.6 | 45.8 
165] KNaC,H,O, |4H,O | 28.4 | 406 | 54.8 | 76.4 
66] KOH... .| 2H,O | 97 103. | 442 126 
167| KOH H = — — — 
168] K,PtCl, = 0.74 | 0.90} 4.42 | 4.44 
169| KSCN — | 477 196 | 217.5 | 255 
170| K,SO; — | 406.2 | 106.6 | 106.0 ” 
174| KSO. a 7.35 922 | 14.14 | 12.97 
172] K3S_05 = 28.4 36.2 | 44.7 ae 
173, K,S,0, ...|  — 1.8 27 | 4.7 7.7 
174] KSbOC,H,O, | /2H,O | — 5.3 | 8.0 | 12.2 
175, K,SiF, ...| — ss a 0.12 = 
SSE — COC eee 
176| Lag(SO,)3 - .| 91,0 | 3.0 | = | = | 1.9 | 
Se) eS 
177| LiBr . . . .| 2H,0 | 143 166 «| 177 194 

iBr | H,0 — — — = 
pel ico. | ee 1.54 | 1.43] 1.33 | 4.25 
480| Licl . . . . | H,O 67 72 78.5 | 84.5 
181] LiF... . _ an = 0.26 = 

(18 °C) 

182) Lil... . 3H,0 | 454 157 | 165 174 
183) Lil. 1... ; = _ = 
184| LiNO, 3H,0 | 53.4 61.0 | 74.5 | 132.5 
185| LiNO, Vo | — = = 
186| LiNO, = as ss = a 
187| LiOH 1,0 12.7 12.7 | 412.8 | 12.9 
188| Li,SO, H,0 35.3 35.0 | 34.2 | 33.5 


ture, °C 
40 [| 5 [| so | zo | 8 | 9 | 100_ 


100 __190 g of water at a given temp of water at a given temperature, g 


a2 — | 42.0 - _ 
1.3 1.8 95 4.6 
56.37 _ | 78.83 114.0 
33.5 — | 504 — 170.4 
67.3 7 = oS 
160 168 176 184 192 
12.8 18.5 _ | 24.8 
0.93 7 2°46 = 444 
12.56 | 16.89 | 22.2 a es 
334.8 1350 _—  |376 
63.9 955 |110.0 | 138 169 
136. +1440. «147, — {160 
1.76 9.417 | 2.64 49 | 3.79 
290 325 372 420 ~—«*(488 
108.7 111.4 
14.76 | 16. 56 | 48. rt 19.75 | 24.4 
64.0 33.2 1106/6 
14.0 oe = ae — 
(75 °C) 
scl OS ee A eh ee 0.46 
{-|={-[-[-[-e 
- 014. (224 lag 
1.17 1.08 | 41.04 ei 0.85 
9015 97 103 — (445 
179 187 202 230 _ 
ss = = _— 1435 
145.1 | 156.4 1174.8 = _ 
os 2 “1494.4 = 
43 13.3 | 43.8 ~~ | 45.3 
32.8 32.5 | 31.9 — 1307 
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Table 8 (continued) 


3S 
66.7 153 
7.0 154 
33 155 
156 
as 157 
aS 158 
baa 159 
32.2 |te1 
7.87 1462 
— 163 
412.9 164 
240) 165 
= 166 
a 167 
178 ie 
5.18 1469 
674 470 
=e 174 
24.1 re: 
= 473 
35.9 [174 
17 
0.954 : 
— 177 
226 178 
0.72 {1179 
127.5 180 
— 481 
— 182 
481 183 
— 184 
— 185 
— 186 
17.5 187 
29.9 488 
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Tempera 
Formula 8. Ph. 0 10 20 | 30 
Zz, Solubility of an anhydrous substance in 
189] MgBr, .. .| 6H,O 94.0 94.5 | 96.5 99 .2 
190] MgCl, . . 6H,O 92.8 03.0 04.9 — 
191| Mel, . 8H,O 120.8 139.8 — 
192] MgNH,AsO, | 6H,0 = 3.8x10-2]|  — 


1941 Mg(NO), 6H,O =| 62.6 70.4 74.8 
195] MgSO, 7H,0 - 30.9 | 35:5 | 40:8 
196] MgSO; 6H.O | 40.8 42.3 | 44.5 | 45.4 

197} MgSO, H,O a ee a 

198] MnBr, ...|4H,O | 427.3. | 135.8 | 146.9 | 157.0 
199|MnBr, . . .| 2H,0 = = a = 

200] MnCl, |. || 4H,0 | 63.4 68.1 | 73.9 | 80.7 
2011 MnCl. . . .| 2H,0 = as = 

202| Mn(H,BO,)> | HaO = 9,49 eS x 

203| Mn(NO,), . . | 6H,O | 102.0 Mio | aoe ~ 

204 oo! e e 3H,O are ——3 ———. 206.5 
205|MnSO,-. . .|7H,O | 53.23 | 60.01] — = 
206] MnSO, . . .| 5H,0 al 59.5 | 62.9 67.76 
207] MnSO, . . .| 4H0 az: . 64.5 66.4 
208] MnSO, . . .| HO = a - = 
209] MoO, . | = | = | = | 0.138 | 0.264 | 
240] NH, er = | 89.7 | 68.3 | 52.9 | 40.9 | 
211] NH,Al(SO,), | 12H,0 2.72 4.81] 7.47 | 40.40 
2421 NH‘Br dle ee 60.6 68 75.5 839 
243 (NH \eC,0, | H,0 2 4 3.2 4.5 6.0 
214] NH,Cl ae 29.4 33.3 | 37.2 414 
245 NH? ‘clo,#* {| — 1156 it 20.85 a 
216| (NH,)>Co(SO,)o| 6H,0 6.0 95 | 13.0 17.0 
217| (NH4)oCrO, = 25 04 vs 39°96 | 40.4 
218| (NH,),Cr,0, = 18.26 = 35.6 46.5 
219| NH,Cr(S0,4)._ | 12H,0 3.9 a a 11.9 


(violet) 


*S. Ph. with 6H20. 
*% For NH4Cl0q, solubility is expressed in g of anhydrous NH4Cl0O4 contained 
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Table § (continued) 


ture, °C 
40 50 | 60 | 70 | 80 | 90 | 100 
100 g of water at a given temperature, ¢ eS 
101.6 104.4 |107.5 = 4413.7 — 1120.2 189 
57.5 = 61.0 ae, 66.0 — |73.0 {190 
173.2 = aaa au 185.7* as — {194 
- _ = — |2.4x10-2 = — 492 
410-2 4x10-° — 1.9x10-2 — — 193 
78.9 84.5 91.2 = 106.2 138.4 — 194 
45.6 = a — — —_ — {195 
= 50.4 55.0 59.5 64.2 68.9 | 73.9 [196 
a ae ue 62.9 — | 68.3 {197 
168. 496.7 | 212.5 _ — — 4198 
ay note = = 994.7 |225.7 1227.9 499 
88. — = = = — 200 
as se 108.6 | 110.6 112.7 [444.4 145.3 1201 
— 0.69 — = - —{ — [202 
7 a 2 = _ is — 203 
- -_ _ = = = — {204 
_ = oe a ae = — [205 
ae _ = os = = — |206 
68. == — — — — |207 
es 53°9 55.0 | 52.0 48.0 | 42.5 | 34.0 [208 
a ee 
| 0.476 | 0.687 | 1.206] 2.055] 2.106 | — | — feos 
a es Seek) Saeed een ee Se 


14.2 26.8 37.7 53.9 98.2 1120.7 {211 

ana aa lore 116.8 426.0 [135.6 [145.6 212 
8.2 ne ate = ee 

45.8 ae 55.2 60.2 65.6 71.3 | 77.3 {244 

30 .58 is 39 .05 ce 48.19 — | 57.01 (245 

22.0 27.0 | 33.5 40.0 49 .0 =  loag 
== 541.87 as 81.83 = = — {217 

(75 °C) 
58.5 71.4 | 86.0 = 115.0 — [155.6 1218 
18.3 = a _ - bz —  |219 


in 100 ml of a Saturated solution. 
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Tempera 
Formula S. Ph. 0 10 | 20 30 
© 
a Solubility of an anhydrous substance in 
220| NH,Cr(SO,). | 12H,0 3.9 = a 19.0 
(green) 
221] NH,F 50 74 — — 
999 (NH,),Fe(S0.)e 6H,0 17.8 = 26.9 zs 
223| NH,F 0(S04)2 12,0 = — | 124 = 
224 — 41.9 15.8 21 27 
225| NHH,PO, — {474 190 — | 260 
(14.5 °C) 
226) NH,H,PO,. . — 22.7 — 8 -— 
927 (NH )HPO, = 42.9 57.5 | 68.6 = 
228] NH,I . . — 154.2 163.2 172.3 181.4 
230| NH,NO, — | 1148.3 — | 4192.0 | 241.8 
231 (NH,).PtCl, == = 0.7 = ——— 
232] NH,SC — 119.8 143.9 170.2 207 .7 
233 (NH,),S0, a 70.6 73.0 | 75.4 78.0 
234| (NH,).S = 58.2 = ae = 
235 INH‘) s¢s° 4H,0 | 71.2 — | 941.2 | 119.8 
236 (NH,),Se0O, eo = 1 .o2 —w — 
(12 °C) 
237] (NH,).SiFe = m2 = 18.6 - 
238| NH,VO, ..| — = = 4.8 8.4 
239| NO Be yee tale fe — 9.84 7.57X | 6.18 5.17 
x 10-3 | x 10-3 | x 10-3 | x 10-3 
240)N,0 ....| — = 0.171, 0.421) — 
1.3 1.6 2.7 3.9 
79.5 — 90.5 97 .6 
27.0 — 34.5 
36.3 40.8 46.5 54.5 
— — — 126 
7 12:9 21.5 38.8 
— — — 50.5 
— — 3.7 
30.7 35.8 36.0 36.: 3 
29.4 36.4 93.4 400.0 
79 89 101 113 
167 — 181 — 
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Table 8 (continued) 


ture, °C 
40 50 60 | 70 | 80 | 90 | 100 . 
100 g of water at a given temperature, g a 
32.8 = — — — — — |220 
— — 111 — — — — {221 
38 .5 — 53.4 ae 73.0 — — {222 
— —_ oe — — — {400 223 
36. = = — —_ — — 224 
— — — — — — 229 
96.7 — 82.9 — {20.7 — 174 226 
81.8 —_ 97.6 106.0 — —_ — 227 
190.5 499.6 208.9 ger 228.8 — 250.3 ro 
— 56.2 — 6. = = 
99.0 [580.0 740.0 |871.0 |230 
297.0 344.0 421 oe 4 i oe oc oe toa 
— — — |232 
see 235 — |347 
= 95.3 — {103.3 [233 
eee = oe * a = — |234 
= - - = _ ~ — 235 
ees = - ee = = — 1236 
— = = = — — 50.0 237 
13.2 47.8 = 30.5 _ — — {238 
ate | 8 fT 
4.40 3.24 2.67 1.99 1.14 0 239 
xX 10-8 ee x 10-3 | x 10-3 | X 40-3 | x 10-8 
pees ae 7 = — — — |240 
anna (IRI SUNENSS 
== — — — |241 
po 2 ae 24.4 31.5 41.0 52.5 242 
a oe aks int — — 2.8 243 
a a - — — 244 
nee nee” = — 118.8 — {121.3 [245 
90.2 = 62.5 —— 70.7 — 90.9 ae 
65.5 83 439 — foe = = 
129.5 134 139.5 146 153 161 170 a 
7 7 % | 40.2 | 45.8 | 45.7 | 45.5 [250 
si = oe ee — — 6.33 2514 
36.6 37.0 37.3 37 .8 38 .4 39.0 39.8 [252 
410.5 129.9 — — — — — |253 
126 140 155 472 189 — 230 254 
243 — — a: — — — 255 
— — 289 — [304 — {324 256 
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Formula 


Na.CrO, 
Na,CrO, 
Na,CrQ, 
Na,Cr,0, 


Nek?” - 


Bo 205 e o e 


Na,SeO, 


0 


10 


20 


Tempera 


30 


Solubility of an anhydrous substance in 


31.70 


163.0 
3.53 


9.9 
6.9 
7.9 


qn 


50.17 


170.2 


> 
my ws | o 
[eke re de Wise ok donee 


88.7 


88.7 
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Table 8 (continued) 


ture, °C 

40 50 | 60 | 70 | 80 | 90 | 100 
100 g of water at a given temperature, g¢ = 
= = = = = a — |257 
95.94 | 104.1 [114.6 = = _ — 258 
= a — 1423.4 124.8 — 26.2 250 

2 323.8  |385.4 ee pe 
ie a ae es ae — 1431.9 1264 
4.40 4.55 | 4.68 = 4.89 — 5.08 |262 
30 = = — {59 — | 63 263 
69.5 99.4 |144 184 186 189 198 264 
12.7 14.45 | 16.4 Decom poses 265 
138 .2 = = = = — — 1266 
— 158.6 — — = oat ance a 
a 179.3 |190.3 |207.3 | 225.3 68 
ie a Be a ame — 269 
m = = —  |270 

54.8 = — 
92.4 |102.9 — 1274 
a 80.2 | 82.9 os - ~~ |t02.2 — |272 
- - = es = — 273 
ones 2208 ma 294 296 300 302 274 
a = — 127 

13.3 | 16.3 | 19-8 | 23-5 | oF | o95 | 33.0 |o76 
~ — = a _ ee Wegee: loge 
an — = a = 278 
08.4 | 10474 = — [432.5 — 463.1 [279 
104 144. «424 — 148 — 1180 280 
. 7 a: = — |284 
ar = = — — |282 
Nee on om 299 313.7 — 1347 983 
34 3 5 — | 84 — {108 284 
13.50 | 17.45 | 21.83 — | 30.04 eee tec ae 
“8-5 | se | goa | 43.31 | 49.15 | 57.28 | — 287 
7” - 9 — | 29.0 — |26.6 {289 
a8 _ o7iS - ra = — 290 
= _ = = eas a — |294 
48.8 46.7. | 45.3 44.4. | 43.7 42.9 | 42.5 |292 
102.6 Ke a = ame = — |293 
— = 206.6 — — — — {294 
cae = a — 1245 — {266 995 
oe za ge = = = — |296 
74.4 = 79.9 — | 88.7 — {100 297 


| 

nh 
Jo) 
ee) 


Tempera 
; Formula S. Ph. 0 10 20 30 
z Solubility of an anhydrous Substance in 
299] Na,SeOQ, ..| — = = = = 
300) Na,SiF,.. . — 0.43 — 0.73 — 
301] NaVO, ... — — -— — — 
302} Na,WO, . .| 10H,O 57.58 — — — 
303} Na.WO, . .| 2H,0 71.64 — 72.4 — 
| Nd,(SO,), . . | 8H.0 | 9.6 | 2 | 74 | 5.3 
305] NiBr,. . . .| 3H,O | 112.8 122.3 | 130.9 | 138.4 
306] NiCl, . . . .| 6H,O 51.7 = 55.3 = 
307] NiCl, . . . .| 4H,O ee = = = 
308] NiCl, . . . .| 2H,O = = = ss 
309} Nil, .... — 124.3 135.3 | 148.1 161.1 
310| Ni(NH,),(SO,)o| 6H,O = 3.2 5.9 7.8 
314] Ni(NO;), . .| 6H,O 79.58 a 96 32 as 
3121 Ni(NOs), 4H,0 = a3 = ea 
313] Ni(NOs)» 2H,0 an = a 7 
314) NiSO, H,O 27 22 32, — 42.46 
315] NiSO, 6H,O ae a = = 
316} O, ..... —_— 6.948 X | 5.370 X|] 4.339 X | 3.508 x 
x 10-8 | K 10-8 | x 10-8 | x 10-8 
317| O; ....- = 3.9 2.9 2.4 7X 10-4 
x 10-7 | x 10-3] x 10-8 
oN a ee 
318) PbBr, ...| — 0.4554) — 0.85 1.15 
319| Pb(C,H;0,). | 3H,O a 45.6 | 55.0 eu 
(45°C) | (25 °C) 
320] PbCl. ...| — 0.6728) — 0.99 1.20 
3211 PhCrO, . . . a = = 4.3X = 
x 10-8 
322| PbI, ... . — 4.42 — 6.8 X 9.0 
x 10-3 xX 10-2 | x 10-2 
323] Pb(NOs), . . = 38.8 48.3 | 56.5 66 
324] PbSOQ, ...| — 28x | 3.5x | 44x | 4.9 
x 10-3 | x 10-3 | x 10-5 | x 10-8 
325| RbA1(SO,), | 12H,O 0.72 ~~ 2.59 — 
326) RbCl... .| — 77.0 84.4 | 94.4 97.6 
327| RbClO, . . .|  — 2.44 = 5.4 8.0 
328| RbCIO,. . -| — 0.5 0.6 1.0 1.5 
329] RbNO, a 19.5 33.0 | 53.3 81.3 
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Table 8 (continued) 


ture, °C 

| 40 50 | 60 | 70 | 80 | 90 | 100 
100 g¢ of water at a given temperature, g 7 
—_ 80.15 — — — — 72.83 |299 
1.03 a — 1.86 — 2.46 {300 
26 .23 ae 32.97 36.9 — — 301 
i _ ge ne = — — 302 
77.9 = = — 91.2 — 97 .2 303 
| 44 | 33 | 2.8 | 2.5 | _ | 1.2 | 1.2 |304 
144.5 | 150.0 {452.5 — [153.8 — 155.4 [305 
72.5 — 180.5 = = — — [307 
ah = = — | 86.9 ie 88.0 308 

174.0 183.2 184.1 485.7 187.4 : ae 
11.5 14.4 147.0 19.8 25.5 — — 310 
1223 — | ol4a77 4 = a ~ By 
= _ nee) ss _ 1235.2 — 1343 
sas i os — — — 314 
ee AT — |76.7 [345 


3.084 9.974 xX} 4.857 X| 1.381 X} 7.87 0 316 
% 10-3 saree x 40-3 | X 40-8 | x 10-3 | x 10-4 | 
4x 10-4] 4x 10-4] 0 — — — — |347 
36 az 3.34 = 4.75 |348 
ae aoe a ues as — 200 319 
1. 4.98 es 2.62 = 3.34 |320 
45 1.70 9 = 6 = eS 
12.5 | 16.4x | 19.7X — |30.2x — |43.6x |322 
x 10-2 | x 10-2 | x 10-2 x 10-2 x 10-3 
75 85 95 — 445 — 38.8 [323 
5.6xX = - = - = — 1324 
x 10-3 
Fe ses | SE ee, Sree (SEER LONE. ee 
3.52 = 7.39 — | 43.25 — 1|69 325 
103.5 1409.3 (445.5 1124.4 [127.2 [133.4 [438.9  |326 
= 15.98 — | 62.8 {327 


2.3 335 | 4.85 | 6.72 | 9.2 | 12.7 1418 (328 
1146.7 | 455.6 {200 954. (309 375. (1452 ~—«*(3ag 
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Tempera 
Formula S. Ph. 0 10 20 | 30 | 
z, Solubility of an anhydrous substance in 
330} Rb,PtCl, . . — 13.7 | 20.0 | 28.2 | 39.7x 
x 10-2 | xk 10-3 | x 10-3 | x 10-3 
331] Rb,SO,.. . — 36.4 42.6 48.2 5320 
339 SOg% «Kes | — | 22.83 | 16.21 | 11.29 | 7.81 | 
333} SbCl, . . . . — 601.6 — 931.5 1068 .0 
334) SbF, ; — 384 .7 — 444.7 063.6 
335] SnCl, 2H,O 83.9 — | 269.8 — 
(15 °C) 
336] Sul, i = 1.0 1.2 
337; SnSO, — — — 19 s 
338] SrBr, . 6H,0 85.2 93.0 102.4 111.9 
340 St(CsH302)s 1/,H,0 — 42.95 | 41.6 39.5 
344] SrCl, . . . .| 6H,O 43.5 47.7 | 52.9 58.7 
342| SrCl, . . 2H,O — _— — ~ 
343] Srl, . . 6H,O | 165.3 — | 4177.8 = 
344] Srl, . . 2H,0 = = — — 
345] Sr(NOg)o H,0 52.7 63.95 _ 
346] Sr(NOs)s 4H,0 40.4 = 70.5 = 
347| Sr(NOs)o = a = — 88.6 
348! Sr(OH), . .| 8H,O 0.35 0.48 | 0.69 4.01 
ealcniates for 
rO) 
349] Th(SO,). . .| 9H,O 0.74 0.98] 4.38 1.995 
350] Th(SO,), . .| 8H,O 1.0 1.25] 1.62 = 
351| Th(SO,4), . .| 6H,O 4.50 = 4.90 2.45 
352 Th(SO,)2 . . 4H,O oe sais — — 


353| Th(SeO,),-.{ — 0.498 
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Table 8 (continued) 


ture, °C 
40 50 | 60 | 70 | 80 | 90 | 100 
100 g of watcr at a given temperature, g 2 
96.5 X — 99.7X — 182 X — 334 & {330 
x 10-3 x 10-8 x 10-3 x 10-8 
8. 5) 3.1 67 .4 71.4 75.0 78.7 81.8 {331 
ee Pe ee 
3.2 | 2.6 | 2.1 | 1.8 — 332 


i or - 0 | = 


336 

337 

123.2 | 435.8 150.0 — 181.8 = 22.5 338 

= 37.35 | — | 36.24 | 36.40 | 36.24 | 36.4 340 

65.8 | 72.4 | 818 | sg 90.5 — 100.8 fae 

= lev: = 

avase me gn — | = |305.2 [383.4 faa 

3 = — |430. "7 (345 

— to _ 1400 — Ba 

— |o3.8 | 96 | 98 — 47 

eco | ogg | 343 | 4.53 | 7.08 | 13.6 | 24.2 [348 

MM Metre ee ee 

7 a = = —  |a49 

2.98 | 5.22 | — = = a —- [es 

| ml a]. |=l=e 
163 | 4.09 | — = = 

oe yt eee, oe i, ae — | = {353 

= 354 

0.8 —~ | 4.2 — | 4.8 {355 

- — | 36.65 — | 57.31 1356 

— | 65.32 | 81.49 — 66.6 (357 

= oa = = (358 

46.2 | 69.5 (444.0 1200.0 [414.0 1359 


Tempera 
Formula S. Ph. 0 10 20 | 20 
z Solubility of an anhydrous substance in 
360} TIOH .... — 20.44 —- — 39.9 
361] T1SO, ...] — 2.70 3.70 | 4,87 6.16 
362 T1,SeO, es “ele: oa — => 2 13 2.8 -— 


44.2 | = | 38.4 | x 


364| Yb,(SO,), . | 811,0 

365] ZnBr, .. .|2H,0 | 389.0 — | 446.4 | 528.4 
366] ZnBr, .. . — — — — 

367 ZnCl, e . ° e 3H,O 207 .7 —" ——. — 
368| ZnCl, . . . .| 2'/,H,O| — 271.7 | 367.3 a 
369| ZnCl, . |. .| 2 ae Es ea 
370| Zn(CiO,), 6H,O | 145.1 | 152.5 sae 
374] Zn(ClOs), 4H,0 “* | 900.3 | 209.2 
372] Znl, 2H.O | 430.7. | 457.3 | 484.9 - 
373] Znl, 2 | 429°3 - = _ 
374] Zn(NO,)s 6H,0 94.77 — | 1148.4 = 
375] Zn(NO.)o 3H,0 a z a a 
376| ZnBO, 7H,0 44.9 47.0 | 54.4 = 
377| ZnSO, 6H,O = s ae = 
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Table 8 (continued) 


ture, °C 

40 50 | 60 | 70 80 | 90 | 100 . 

100 g of water at a given temperature, g z. 
49.5 == 73.8 — 106.0 126.1 148 .3 360 
= 9.21 | #0.92 | 12.74 | 14.61 16.53 | 18.45 1364 

ae — 10.86 1362 

| — | = [20s foe | - | — [46 [e760 203.4 365. 2 = Pe | 426 “| — foot fo2 | — | — [26 ae — oe: [363 
| 21.0 | ato | = aoa | 722 | 6.92 | 5.83 | 4.67 |se4 | 10.4 | 7 22 | 6.92 | “Pato | — [104 | 7.22 | 6.92 | 5.83 | 4.67 [bes [364 
ome = ae a — — — 365 
992.6 —_ 618.4 — 644.6 — 672.0 366 
e = 2 - = — —  |367 

ea a = = - — —  |368 
452.5 = 488 .3 — 541.1 — 614.4 369 
= i” = i _ — — 1370 
223.1 273.2 — — — ae — 371 
ss = = = = ~ — |372 
445.2 — 467.3 — 490.0 — 510.5 373 
ee zs = = — — 374 
208.9 = " = = = — 375 
— = = = — — — [376 
70.14 77.0 — — — — — 377 
— — — == 86.6 83.5 80.8 378 
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Table 410 


Solubility Products of the Chief Sparingly 
Soluble Substances 


The solubility product (SP) of substance Ct,,An,, which breaks 
up into ions according to the equation 


Ct,,An, = mCt + nAn 


is SP = af, -a4, » where act is the activity of cation Ct, and aay is 
the activity of anion An. The indicator of the solubility product pSP 
is the logarithm of the solubility product taken with an inverse 
sign. 

When calculating the solubility of a sparingly soluble salt in water 
or in a solution of other salts by the value of the solubility product, 
account must be taken of: (1) the reaction of cations being formed with 
the hydroxyl ions of water; (2) the reaction of anions being formed 
with hydrogen ions; (3) the ionic strength of a solution on which the 
activity coefficients depend, and in some cases also (4) the poten- 
tialities of complex-ion formation. The ways of making such calcula- 
tions are described in the textbooks of analytical chemistry. 

In addition, account must be taken of the presence, in the solution, 
of non-dissociated molecules of a dissolved salt whose concentrations are 
found by dividing the SP by the corresponding value of K (Table 38; 
figures marked with an asterisk). 


Formula of Substance | SP pSP=—log SP 
Ac(C,04)s5 . ee «© @  @ @ 8 ee ee @ 2 x 40-24 23.7 
Ac(OH), . 0 ee ee ee 1X 10-15 15 
Ag,ASO, .. 0. cee eee 1X 10-2? 17 
AgsASO4.. «. & @ Soe WO Se eae 1 x 10-33 22 
AgBO, .. 1... 4X 10-2 0.4 
AGE am cae SO Push e ee ee % 5.3. 6-107" 12.28 
AgBrO,. ......-.0.~. 5.5 x 10-5 4.26 
AGCH. Og: «20 fon ue wane wees 4X 10-8 2.4 

CON a eR oe es 1.4 X 10-10 15.84 
AG. COec 4 clikor Gutie dk Gta 4 8.2 X 10-22 11.09 
AgsCa0, ce ee 3.5 X 10-1 10.46 

Cl. oe hh Ee 1.78 X 10-10 9°75 
AgpClO,.. . 2. ee eee 2x 10-4 3.7 
AgClO, .. 2... ee eee 5.0 x 10-2 1.3 
AgCr0, 1. eel 1.4 x 10-28 11.95 
AgoCr0, ...... eee. 4X 10-10 10 
Ag,Fe(CN), ......- 1X 10-22 22 
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Table 10 (continued) 


Formula of substance | SP 


pSP --—log SP 
AgsFe(CN), ........0.4. 1.5 X 10-4! 40 .82 
fe a (2Agt, HVO*%) .. 2X 10-14 13.7 
are en ee a ae 8.3 x 10-1" 16.08 
A210. Sep Oe oe Ee Get Sees te SS 3.0 X 10-8 7.52 
POMNO © oc G5 Eso: (ass g okyee. Ue, 1.6 < 10-3 2.79 
Ag.MoO, ........2.2.. 2.8 X 10-13 11.55 
DA Negi Go ig Be dead ay ad he ae a ee 2.9 * 10-9 8.94 
PRR INO Ms, ae yt a dt eo he ee ee Be 1.6 X 10-4 3.80 
AgiO(Ag*, OH-) ....... 1.6 x 10-8 7.80 
Bik tata Gre tye Wh ee e x a 6.64 
AS PO. F(A +, PO.F2- 8.9 X 10- 3.05 
Ag,PO, aii aie aia Me 19.89 
APR COG, ig. nk dese oh ot Git 8 7.95 X 10-5 4.10 
PC Oe at ioe eae Ge. ts ae ee oe ES 6.3 X 10-5° 49.20 
AGSGN sir oe wee oe. oe S Ee 1.4 X 10-32 41.97 
AgoSO, .. 2... ee te 1 2 . ee 43.82 
AgsSO,NH Agt, SO,NH2) < 1 
Ag,S0, 7 a i ae 1.6 xX 10-® 4.80 
AgSeCN .......-.--+0°5 4.0 X 10-16 15.40 
AQjO00s. ha ws & Ag ee ES 9.0 x 10-16 15.01 
AgsseO, ....--+ +82! 5.6 X 10-8 7.29 
BROVOs. od oh eh BS BS oS xX 10-7 6.3 
AGWO; «464 SM ee OY 5.5 X 10-12 14.26 
AIASO, 3.6 ga ace heb 1.6 X 10-** 15.80 
Al(OH),(Al8*+, 30H-) .. - - - 1X 10°" 32.0 
(AIOH?2+, 2OH-)) sew ae 1 x 10-2 23.0 
(H+, AlO; Ne nits dy M-sas at, ee 1.6 x 10-33 12.80 
AIPO,..302 6 4 ewe ee eS 5.75 & 10-19 18.24 
Am(OH), . 2... - ee ee rs 2.7 X 10-20 19.57 
Am(OH), . 2. 2.2 eee ee 1 xX 10-5 56 
BY 6s ee 6 Sede OS A es BS 5.0 x 10-?? 16.3 
AUBI.. 4.0.5 ¥o0.6 & GO ee 4.0 X 10-88 35.4 
AUG) 3. a 2 a 6-6 SR eS 2.0 X 10-18 12.7 
ANG 5. cia: ch: ce ee Sy he bye & SE 3.2 X 10-25 24.5 
AU(OH)s 4c. 4 se We Se Ss 5.5 X 10-48 45 .26 
PUL. < ods 8 bo eS es GS 1.6 X 10-28 22.8 
Ale. 2) ee tee GS ce 1 xX 10-48 46 
Ba,(AsO,g)p . - eee ee 7.8 X 10-5! 00.44 
Ba(BrOs), 2... ee ee es 5.0 X 10-8 9.26 
BGOS). 2 ha, ance Se BS ee 5.4 x 10-® 8.29 
Ba Og - 2.6: ce ik, Se Ge we SR 1.1 x 10-? 6.96 
BaCrOges @. ace. Bd oe 4.2 x 10-1¢ 9.93 
Dag dee State ae Ge Sh te Bt oR 1.14 X 10-8 9.98 
Ba,Fe(CN), ...... eee: 3 x 10-8 Tso 
BatlOs)a: 3% Sou: Me dco Be te oS 1.50 x 10-8 8.82 
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Table 10 (continued) 


Formula of substanco | SP pSP=-—log SP 
BaMDO «6:8. See e ast 4 2.5 x 10-10 9 60 
BaMoO, .......-+++- 4 xX 10-8 7.40 
Ba(NOs), 2... es 4.5 x 10-8 2.35 
Ba(OH og sea. ao ore ei 5.0 x 10-3 2.3 
BaPO,F(Ba2*, PO,F?-) - 4X 10-7 6.4 
Ba;(PO,)g.. 6.03 X 10-39 38 .22 

G5P,05 be a eee eS 3 x 10-23 10.5 
BaPt(CN), .....- +5205 4 xX 10-8 2.4 
Ba(ReO,), ...--- es 5.25 x 10-2 1.28 

BS Oe! ove Wek He oh hh Ge EE 8.0 x 10-? 6.4 
BaSOe tz ‘nce 6 ek Oe 1.4 x 10-10 9.97 
BAS{O% 3. oo ohicn oe nee oe BS 1.6 X 10-5 4.79 
BaSeO,¢ :. ¢ gs oo ke ee 2.8 x 10-11 10.55 
BOCOs > 3. cea kan 8 ree 4 x 10-3 3 
BeMo0, ae eese Se 3.2 X ae a 

e(OH),(Be*t+,20H-) ..-- - 6.3 x 10-2 

on OH-) : 1 a ie 2x 10-34 13.7 
BiAsO,. . 0... ee 2.8 X 10-2 9.36 
Bila oo avidece: fe ieee Gl eA 8.4 x 10-19 18.09 
BiOCl(BiO‘, Cl-). 1... - 7 x 10-° 8.85 

BiOC] + H,O = Bi®+ + 

++ 50H- Cl)... | 468 X 1078 30.75 
BiOOH(BiO+. OH, Ve di sete 4 xX 10-10 9.4 
Bi(OH),) 65-0 nu eta 208 3.2 X 10-32 34.5 
BiPO) 34 dc. B Gee eS 1.3 xX 10-28 92.90 

gS et henate dyna. tema en Se oO eee 4 x 10-97 97 
Cas(AsOy)g 2 2 6.8 X 10-19 18.17 

BCH Opti: so a. a RS 7.7 X 10-7 6.14 

(tartrate) 

BCOe og os deo BS eS 4.8 x 10-° 8.32 
CaCO ee pana 2°3 x 10-9 8.64 
CaCrOe ss a gcd ee Ae A 7.4 x 10-4 3.45 
CaP coy. axes eunetom eRe 4.0 x 10-18 10.40 
CaHPO,(Ca2+, HPO2-) 27x 10-7 6.57 
Ca(H,PO,).(Ca2*, 2H,POz) 4 x 10-8 3 
Ca(NH,),Fe(CN)s .--- + 4 xX 10-8 7.4 

Se gk, enc sis ae 7.0 X 10-7 6.15 
Ca(OH),(Ca2+, 20H-).....{ 5.5 x 107 5.26 
(CaOH+, OH-) ......-| 4.4 10-4 3.86 
Ci POl)s cok koe eS 2.0 X 10-29 28.70 
CaPOsF (Cats, PO,F2-) 4x 10-3 2.4 
Ca,(PO,);0H .........- 1.6 X 10-58 57.8 
CaSOe oat. wean Mee eos 1.3 x 10-8 7.89 
CaSO, fu ek ae wh Grae Hae 9.4 x 410-8 5.04 
CaSeQ, ... 2.2... ee 4.7 X 40-8 5.53 
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Table 10 (continued) 


Formula of Substance | SP pSP=—log SP 
CaSibg: «oo G-u Gti ee « 8.1 x 10-4 3.09 
CBW Opie ity ae ate R eee 9.0 x 10-9 8.06 
Cdg(AsO,)p 2... ee 2.2 X 10-33 32.66 

Q(GN)o° 4s 5G Gs Bos etalk 1.0 X 10-8 8.0 
0,6 a en er ne 5.2 X 10-12 11.3 
COGS O pn. % a cake ee a Ge Soe 1.5 x 10-8 7.8 
Cd,Fe(CN), .......--- 3.2 X 10-17 46.49 
Cd(NH,),(BF;), ....-.- + 2x 10-8 57 
d(OH), saci "esas Gervah oo estes, 2 2.2 x 10-14 13.66 

reshly-prec 
(OR aia dg Soe 5.9 x 10-18 14.23 
a ; 
is oe es ie Ge vieek oh ede A A 7.9 X 10-2? 26.10 
CdS60 5. ce f-452 ou ae ee 4.30 x 10-° 8.89 
Cdwo, re ee es ee ee es ee 2x 10-6 5.7 
COCO ke ae aes Ge 2.5 x 10-28 28.60 
Ceo(IOs), . 1... ee ee ees 3.2 X 10-1° 9.50 
Ce(10,), . 2 2 ee ee 5 x 10-17 16.3 
ColOH). 5 chk ne be 1.5 x 10-20 19 82 
Ce0,(CeO2+, 20H-) .. . - - - 4X 10-24 24.0 
CeO0,(Ce*t, 40H-) ...-- - 2.5 X 10-51 50.6 
Go(SO,)5 2% ioe ie wh 2X 10-3 4.7 
Ce,(SeOs'g 2 oe 3.75 X 10- 94.43 
CO(ASO) a. de lo aoc een ae 7.6 X 10-2° 28 12 
oCO, ... 2.2 ee ee ee 1.4 X 10-19 12.84 
COC Ob isme corde ate &, ae a 6.3 x 10-8 7.2 
Co,Fe(CN), . 2... es 1.8 x 10-15 14.74 
CoFig(SCN),[Co™, Hg(SCN)37] sa ‘ hee ; 82 
O10) Soe ee S Oe a : e : 
Co(NHele(BFalo so tee 4X 10-8 5.4 
Co(NHs)g(ReOQq)g  - s 2 ee ee 1.7 X ae 11.77 
Co(OH). a 6s a aaa he es 6.3 x 10- 14.20 
Co(OH, 5 Bue eeevice: eae o 2.0 x 10-15 14.80 
TON) ee | 2.0 X 10-28 15.70 
cOH sa te Se ee 4 xX 10-45 44.4 
OS estes tee ai hs cae Bees 4.0 x 10-2! 20.40 
COS: 2264s oe ee 2.0 x 10-25 24.70 
COS8O 6 (6. 2a sd oe ace 8-H a 1.6 x 10-? 6.8 
CRASOS. 3. 8 a he Ge SR Ge 7.8 X 10-3! 20.41 
Cr(NH,)g(BF,)3 . - - 2 0 ee 6.2 x 10-5 424 
r(NH,).(MnO,)3 ......- - 4.0 x 10-8 7.40 
Cr(NHg)g(SOsF)g3 .--- 2: 4.3 X 10-4 3.9 
CHINE Reo, ae 7.7 X 10-12 41.44 
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Table 10 (continued) 


Formula of subStanco | SP | pSP=—log SP 
0h (0) 5 6 ee ee 4.0 x 10-27 17.0 
Cr(OH),(Cr3+, 30H-) .... . 6.3 X 10-8! 30.20 
(CrOH2+, 20H-) ..... 6.3 xX 10-2! 20.20 
CrPO,. gg ees aS eS 4.0 X 10-17 47,00 
(violet) 
CEPO) 5. & ick: eo 2.4 X 10-23 22 .62 
(green) 
CsAuCl,(Cst, AuClz) .....- 4x 40-3 3 
CsBF,(Cs*, BFz) .. . - s - - 2x 10-8 4.7 
CsBH,(Cst, BHz) ..---=+- 2.5 X 107? 6.6 
CsBrO,; .... 2-6 ee tere 2 xX 10-2 1.7 
CSCO Sie. eae LS ae ae cee Se SS 4X 10-2 4.4 
CsClO, Bf sciey nbc Sooke, eee oo) g : x fae 2 
s,Co(NO,),[3Cst, Co(NOs)3- 8 x 10- 
Csligcl, (Cet, HegCl; Pe 2x 40-3 2.7 
STO) io. 45 cag 2.8 deo ee ed 4.0 x 10-2 2.0 
CSI Os cr. as hth tek Soe 4.4 X 10-8 2.36 
CsMnO, .......+e265 9.4 x 10-5 4.08 
CssPtGle. oe creme oe BS 3 x 10-8 7.44 
CSaPtR ah do.e ea ee 4 os 2.39 x 10-8 5.62 
CSR OO fe co osha) nee aa eo 4.0 x 10-4 3.40 
Cs:SiF Ss eck ad a a 1.26 x 1075 4.90 
ssSnCl,(2Cs+, SnCl?- 6 X 107 
Cun(AsO5, aaete a ote hes a 7.6 X 10-34 35.12 
MBE 6 ooo 6 oe eae eS 5.25 x 10-9 8.28 
CUON:. 's. @ a4 a, Som Gee Ale 4 3.2 x 10-70 49.49 
CuCoO, ek Boe we ae we Ee eS 2.9 X 10-19 9.6 
GUGZOe bok ae & de gos wo 3 x 410-8 7.5 
CuCl | oe a eh has 1.2 x 10-8 5.92 
CUGrO es. J--so.cs, fe op Ge ees 3.6 x 10-8 5.44 
Cu,Fe(CN), . 2. es 4.3 X 10-16 45.89 
Mca ce caf tes eeu Bt, haat 4.4 xX 10-12 41.96 
CUlOys. 6. dots Sk a Ae eet 7.4 X 10-8 7.43 
WNe bce, ae eee OS 5.0 x 10-8 8.3 
Cu,O(2Cu+, OH-) ......- - 4x 10-34 14.0 
Cu(OH),(Cu2+, 20H-). ....|] 2.2 X 107% 19.66 
(CuOH+, OH-) .. 1... 2.2 xX 410-18 1266 
Cu,(OH).CO,. « cc Sane & HS 4.7 X 10-34 33.78 
UgPOl” a. bow, as & OES 8.3 x 10-16 15.08 
GUS. 6o ror A Rives Sete eee a 6.3 X 10-58 35.20 
UGS «gras ag ah? a Ge “hy Rey ney Se 2.5 xX 10-48 47 .60 
CUSEN (os 5 of ie nig ee 4.8 xX 10-15 14.32 
CuSe........-0 20 4 x 10-49 49 
CuSeOQ,... 2.2... 2 2 eee 2.4 x 10-8 7.68 
CUWO. eh ke ba ae a 4x 10-5 5 
FeASOg @. Se 6 aoe) HR ¥, 5.8 x 10-21 20 24 
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Table 10 (continued) 


Formula of Substance | SP pSP=—log SP 
FeCO, ............ 3.47 X 10-13 10.46 
FOCsO es, 2d. gee ook wae & 2x 10-7 6.7 
Fe,[Fe(CN)J, .......02.. 3.0 x 10-4! 40.52 
Fe(OH),(Fe*+, 20H-) ..... 4x 10-15 15.0 
FeOH+, OH-) ...... 5 x 10-20 9.3 
Fe(OH),(Fe3+, 30H-) . .... 3.2 x 10-38 37.50 
FeOH?2+, 20H-) ..... 2x 10-26 25.70 
[Fe(OH)t, OH-] ..... 4 x 10-17 16.40 
FOPOg? sg a 6 ae Bee we, A 4.30 x 10-23 21.89 
OSs ah a Sacer ak weds Mee BY 5 x 10-18 17.3 
FeS,(Fe2+, S-) ... 2... 6.3 x 10-3! 30.2 
BO Or i a ae at, Se ae ee 4 x 10-28 26 
Gatien Vy ca Att, Bande tenth ae 2 x 10-31 30.7 
GalFe(CN)lp. 1... el 1.5 X 10-34 33.82 
B(OH) eo ye db es ea 2 7.4 x 10-38 35.45 
GeO,(Ge4t, 40H-) .....- 4 x 10-57 57.0 
OSs oe ot ek et eee Se 3x ie ea 
Hf£0(OH),(Hf02+, 20H-) 4 x 10- 5. 
ig Br, (at 9Br-) . 2... 5.8 x 10-23 22.24 
goCO,(Hg2t, CO&-) .... - 8.9 xX 10-17 16.05 
Hg.C,0,(Hg3t, C,037) 1 x 10" 13 
goCl.(Hg2t, 2Cl-) ....--: 1.3x 10-3 17.88 
Hg,CrO,(Hg2+, Cr03-) 5.0 x 10- : 8.70 
HgoI,(Hggt, 2I-) 2. 2. 2. ee 4.5 X 10-? 28 .35 
Hg,(103).(Hgg+, 2103) ...-.- | 2.49 X 10-14 13.71 
Hg,HPO,(Hg?+, HPO2?-). . . . 4.0 x 10- 12.40 
HgO(Hg2+, 20H-). .....- 3.0 x 10-24 25.52 
Hg,O(Hg2t+, 20H-) ..... - 4.6 X 10-23 22.8 
HpS*...... eet ee 1.6 X 10-5 51 8 
Hes» ee ee ee ee 4.0 X 10-53 52.40 
(red) ae 
Hg,S(He3+, S2-) . 1... ee 1 x 10-47 47.0 
Hea(SCN)o(Hes* 2SCN-) 5 ee res ae ae 
SO.(Hg2+, S02) ..... 3 
Boone Sot 6.8 x 10-7 6.17 


Hg,SO,(Hg2t, SO2-)  . . . . - 


* The solubility products of mercuric salts (with the exception of HgS 
and HgSe) are not given here, since their very small values can give rise to 
incorrect ideas about the correspondingly sparing solubilities of these salts. 
In fact, upon a transition of mercuric Salt8 to a solution, a very small 
amount of free fons (the product of whose concentrations gives the value of 
SP) but a relatively great amount of non-dissociated molecules — Hg(CN)2, 
HgCle, etc. — are formed. 

The degree of dissociation of mercuric salts must be determined accor- 
ding to the constants given in Table 38. 
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Table 10 (continued) 


Formula of substance | SP pSP=—log SP 
HgSe...... ee 1 x 10-59 59.0 
Hg,SeO,(Hgt, SeO2-). . . . . 6.3 X 10-15 14.2 
Hg WO (Hae®, wor)... . . | 1.40 x 10-27 46.96 
IngFe(CN)lo s . sl - 1.9 x 10-44 4372 
In(LO oe: 5 face wy ee ee 3 x 10-3 2.5 
In(OH), 2.0.2.6. 02 e ee 5 x 10-34 33.3 
In,S, SR Se de RS 1x 10-88 88 
IrO,(Ir4+, 40H-) . 2... 1.6 X 10-72 71.8 
Ir,0,(2Ir3+, 30H-) ..... - 2x 10-48 47.7 
TRS gece oo om “gs tas Oh oe ott ce on 4 x 10-75 75 
K,AIF,(3K*, AIF3-)....--- 1.6 x 10-9 8.80 
KBF,(K+, BFj). 1. - +0: 2x 410-8 2.7 
KBHAK*, BHzy) 2... ee se x 10-¢ 2.9, 

C,H,).BIK*, (CgH,;)sB-] - - - 25 < 10- 
Keg ; — slat TT gi & 10-2 1.97 
KsCo(NOs)sl3K *, CofNO2)7 4.3 x 10-19 9.37 
Xe2NaCo 2K +, Nat, 

GONG) i ee 2.2 x 10-11 10.66 
K,GeF,(2K+, GeF?-) ..-- - 3.0 x 10-8 4.52 
KHER AK *, HIPs) 6s . 2 ‘ pe nae 

r + i) er ee eee . é 
C104 Sal te tee 8.3 X 10° 3-08 
K,PdCl,(2K+, PdCl2-) 1.6 X 10- 
K Pack PdCl2-) 6.0 x 10-6 5.2 
K,PtCl,(2K*, PtCl?-) . . - - - 8 x 10-3 2.4 
K,PtCl,(2K+, PtCl?-) ..-.- - 4.4 x 10-5 4.96 
K,PtF,(2K+, PtF2-) ..-- - 2.9 x 10-5 4.54 

ROO vs acs Ca ee 4.9 xX 10-3 2.72 
KiSis a. & hoe ee ee oS 8.7 X 10-? 6.06 
KTiF,(2K+, TiF2-)...-- > 5 x 10-4 3.3 
KoZrF,(2K+, ZrFi-). . 2. 5 Xx 10-4 3.3 
La(BrO. jac o4 4a eee 3 x 10-3 2.5 
La(CsOjo. ¢. 4:0 as esse: 6 2.5 x 10-27 26.60 
Ga(lOc\e. oe a af aut 1 A 6.2 X 10-12 41.24 
La,(MoQs)s5 .. 2. 4x 10-23 204 
La(OH), .. 1... eee 2.0 x 10-29 48.7 
La. Sg Go glk ho war ta a 2.0 X 10-13 42.70 
a(SO) a. oie at le Oe 3x 10-5 4.5 
BisGOs 4.5. 5. 69 ere eee 3.98 x 10-3 2.40 
Titec oe ee oe ew ae a ae 3.8 x 10-3 2.42 
LiOH ...... 0. eee 4 x 10-3 1.4 
Lis PO 2: os & bee bee SS 3.2 x 10-9 8.5 
Mg,(ASO,)o . 0. ee 2.4 X 10-20 19.68 
MGCO o> anh et doce. Oe tee 2.4 xX 10-5 4.67 
MCs O ii ae se hoe sah de Whos oe 08 8.6 xX 10-5 4.4 
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Formula of substance 


9/2 = © © © © © © © © 8 
MgK,Fe(CN), . 
NH,)aFe( 
MgNH,PO, 
(0) rere 
(freShly-precipitated) 
Mg(OH),(Mg?*, 20H-) 
(MgOH+, OH-) 
(after ageing) 
Mga(PO4)s 


MnOHt, OH-)....--:-: 


(flesh-coloured) 
MnS*...,.....-.+8e+8e8-8 
(green) 
MnSeOQ,......--*°°8 
(NEL LAt (3NH{, AIF3-) . . . 
q)gAIF,(3NHZ, i ee ie 
6 SNH, Co(NO,)37] 


Table 10 (continued) 


SP | pSP=—log SP 
6.5 X 10-® 8.19 
3 x 10-8 2.0 
5 xX 10-9 8.3 
4 xX 10-8 7.4 
2.9 X 107-15 12.6 
6.0 X 10-1° 9.22 
1.8 x 10-12 10.74 
2.3 X 10-? 6.64 
1 x 10-15 13 
3 X 10-5 2.9 
1.30 x 10-5 4.89 
1.9 x 10-29 28 72 
1.8 <X 10-11 10.74 
5 X 10-8 9.3 
7.9 X 10-18 12.10 
4 x 10-12 12 
1.9 x 10-15 12.72 
1.5 10-9 © 8.82 
1 x 10-88 36 
2.9 X 10-19 9.60 
2.5 X 10-18 12.60 
4.26 x 10-7 6.9 
4 x 10-59 90.0 
1.6 X 10-5 2.80 
7.6 X 10-8 9.12 
3 xX 10-5 4.9 
9 x 10-6 0.05 
4.4 X 10-1° 9.39 
7 xX 10-8 2.15 
3 x 10-8 2.9 
4 xX 10-8 7.4 
2.8 X 10-4 3.06 
3.4 x 10-28 20.54 
3 X 10-35 22.9 
1.3 x 10-7 6 .87 
4 X 10-10 9.4 


* The values of SParng are given according to A. Ringbom, ‘“Solubili- 


ties of Sulfides” (Report to Analytical Section IUPAC, July, 1953), they 
considerably differ from many of those found earlier, for example for the 
modification of flesh-coloured: 710716 (Bruner, Zawadskl), 1.1*10-15 (Ka- 
| pustinsky); for the modification of green colour: 6.2x10-22 (Bruner, Za- 


wadski). 


Formula of substance 
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Table 10 (continued) 


| pSP=—log SP 


Ni(ClO,). 
Ni, Fe( 
Ni(1Og), 
Nantel BF a) . 
1 e 

Ni(OH}, Celene 
res ra 

NOQHG se 4a hers 
(after ageing) 

& aU) 


NpO,(OH),(NpO8t, 20H- 
Phe sos pO} 


PHN, oot nn ea 
Pb(OH),(Pb2+, 20H-). .-- - 

(PbhOH+, OH-) 
PbOHBr 
PhOHCI 


) 
Pb,O, 2Pb?t, PbO$-) e o °. e e 
Phs(PO4)o 


* e© 8 © «© 8» 8» 8» #&© #& @  #  ¢ 
> e ef 8 «© 8 ® @ 8 8 
° e ee e © ee @#© #8 # *© e * 

> e» © 8 © @® e&© 8&8 8 © * 
ee e© .e« e e e e e @® @ e @¢ 
eo @e@ ee 86 e ee @® ®  @®  @ © ¢@ 


SP 
4x 10-4 
4.3 x 10-15 
4.40 x 10-8 
1X 10-8 
5.4 x 10-4 
2.0 x 10-15 
6.3 x 10-18 
4.7 X 10-18 
3.2 x 10-19 
4 xX 10-24 
2.0 x 10-78 
4.0 x 10-5 
2.5 x 10-22 
4.4 X 10-58 
9.4 x 10-8 
7.99 x 10-8 
7.49 x 10-14 
4.8 X 10-10 
4.6 xX 10-5 
2.8 x 10-9 
4.8 x 10-14 
2.7 x 10-8 
3.5 x 10-15 
4.4 x 10-8 
2.6 X 10-15 
4.0 x 10-8 
2.6 x 10-9 
4.4 X 10-20 
8.7 xX 10-14 
2x 10-15 
2x 10-14 
3.0 x 10-86 
5.3 x 10-5! 
7.9 x 10-48 
7.5 x 10-80 
4 x 10-7 
2.5 x 10-37 
2.0 x 10-5 
4.6 x 10-8 
4.0 x 10-7 
4 x 10-58 
3 x 10-12 
1.45 x 10-7 
4.5 x 10-7 
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fable 10 (continued) 


Formula of Substance | SP | pSP=—log SP 
Pbh(OH), ........22. 6.5 xX 10-7! 70.2 
POS: 6. 2 re as Ae aR. eo ee ob 5 & 10-29 28.3 
PO(SO4)s. siw & dew. eo, Owe aes 2.6 X 10-7 6.58 

We. guc desGs. Ae Seem, 85 le oe ode “eg 3 xX 10-?! 40.5 
PUG) i his & eae me ee a ee 8.0 x 10-29 28.1 
POT) e.g a ie Soe Hee Sw 1X 10-39 5) 
PtO,(Pt*+, 40H-) ...... 1.6 x 10-*? 71.8 
PUD. how 8 oe si ror carne’ & es ee 8 x 10-78 72.1 
Pu(OH), ........... 2 Xx 10-20 19.7 
PU(OH Ne: se. oe ee Ge ek ee 1x 10-°° 52 
Pu0O,OH(PuOQ}, OH") a a 1 x 10-3 3 
Pu0,(OH),(Pudz+ os COTE) ae oe: <x 3.2 << 2074 20.5 
PUCOS)A eS. ok Se BS ee wx 5 x 10-18 12.3 
RaCOa)oe 4:6 a eo HB, Ger ke 8.8 x 10-10 9.06 
RatNO2)>: «6.4 tus 2S A 6.2 xX 10-3 2.21 
RasOg ae Bee Be BOR 4.3 x 10-!! 10.37 
ROBES. & a Bab 2 a te ee 1 x 10-3 3.0 
RDB iia. fe sce: Bote seas. ee ee. eee 2.5 xX 10-4 3.63 
ee ba di bie. st deca A GR SB 2x 10-2 1.7 
RDCIO‘ \ & x. twe ae ee a e e 2.9 X 10-3 2.60 
Rb,Co(NO,){3Rb*, Co(NO,)37] 1.48 K 10-15 14.83 

DEO ee er UE sae es Soe Sees a, 9.9 X 10-3 3.26 
RbBMnO, ..«. 2 2 toe yw es 2.9 x 10-3 2.9% 
Rb,PtCl,(2Rb+, Ptcl2-) . 9 x 10-8 7.2 
Rb,PtF,(2Rbt, PtF?-) 7.63 x 10-% 6.12 
RbDRCO,g 2-424 % ee ee es 9.6 X 10-4 3.02 
pete Aer ee te ees Ge a SS 3 <x 10-% 6.3 
Rb TIP gS 6 04a ao eee Se 5.9 Xx 10-5 4.26 
Rh, O 3(Rh3*, BOH*) ia. ox, 2% 2x 10-48 47.17 
Rus "0; s(Ru3+, 30H-). .... - 4x 10-38 36 
Sb. ,0,(Sb**, 3OH=) se 4-6 a & 4x 10-42 41.4 

(SbO+, OlI[-) ...-..- 7.9 & 10-18 17.1 
SbsSe wa ok see aoe Se ee 1.6 x 10-98 92.8 
Sc(OH)4: - 4 40% .4 2 & Se eS 1X 10-25 27 
De tee ek oe Se He x ee oe 
H n*+, 20H- i> ie 5.3 X 10-¢ 26. 
Sn(OH) (Sn° OH- ) fn Oe at, 3 4.6 * 10-15 14.34 
Sn(OH)e 4:00.46 Saw Se ee: 1 x 10-54 o7 
SHS. 69. oh ate we ae me 4 x 10-26 29.0 
on (A50,}, me Ee. Nis Se Cert trae tee oe 1.3 * 10-18 17.79 
erCOs.. s. c e, See Set ek 1.1 «x 10-10 9.96 
TCL ms 6s og ig fos a 5.6 x 10-8 7.29 
SPGEO fa cg. cae Bide ct at BA) SES 3.6 x 10-5 4.44 
DEMS. ac has “ge le Oe tee Ses 2.5 X 10-9 8.61 
Sr(IO,)q ee ee ee ee 3.3 X 10-7 6.48 


Formula of Substance | 
DSEMOO Ys a 2 de ee ee ck eR 2 
Sr(OH)a. 4. 2: em bd Hem Se 3.2 
SE POs a8, Soe we Re 4 
SrPO4F be the Set See Ge ar oan 3 
BIOOy. be 2 Re we Oe as 88 4 
St50¢ se a we Se AS 3.2 
SrSeOs. «sce #4 eR Ew eS 8.5 
SEO. ac: 2 des A Sv asd WE eo 1.9 
StwWOe « a hoe OS es 2.2 
MO(O)@. 22: j etg Gwe SE a 3.0 
TT(GsO ge. of seh ote Bao Sek 2.0 
THIOs)» ae « &s & a @ ee eC 2.0 
THOR 4. 6% eR AS SS 3.2 
Ths(PO,), = 8 © © © © «© © © 2 2.01 
TUS Ogee a eee SY 4 
TiO(OH).(TiO2+, 20H-) A 

DIB br te. bose a oh See hs Se owe Bd 3.89 
TBE sere. uh de Ai is hols ee 3.89 
IGCOs: Oh te lee Bm HS ck 2 4 
DIGK ase og: ie oe teed 1.7 
ao ; | oe a ee ; , 

0(NO,)g(3T1*+, Co(NO,)37] , 
TI’Cro, a, a) sg 
TiFO(CN) yy, e668 es ae ee we a) 
IED 67% oo te Se ee te ee Se Gane, 6.5 
Os ese 5 cee ae et ss Bee 3.4 
COT) as vie et eee ot ne 6.3 

He PO ig. a es ek aca 6.7 
TISPUGl se: oy, sete lea Ss 4 
TINCOg se ene ey ee eA 1.2 

Wea, 3s 58 ney ok ott, (ge Sc ey lay Bre 9.0 
DISGN: ugar ds wi eh Beh th 1.7 
TD Og. 6 se. eS SS Eee 6.3 
eS Os ct See Se ek ce 4 
Dlg gOa ms eG Bk eae eS 2.0 
TIV Og Bos. hse ee a Se, 1 
GV Oe seh tes ed a Ss 4 
DOC gis 8k Sk ae Ce Be 4 
(UO.)eFO(CN)s 1... 7.0 
UO,HAsO,(UO2t, HAsO3-) 3.2 
UO,HPO,(UO%+. HPO?-) 2.14 
UO,(1O,)50 4 ea wee ek ws 3 
UO,KAsO, ........4. 2.9 
UOGK PO. ks ee EG ew ae 7.8 
UO,NH,As0, ee ee ee ee ee 17 


xx«KKKKXKXXXXXKKXKKXKKKKXKKKKKKKKKKKKKKKKKKKKKKXKXK 
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Table 10 (continued) 
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Table 10 (continued) 


Formula of substance | SP pSP=-—log SP 
UO,NH,PO,; ......2... 4.4 X 10-77 26 .36 
UO.NaAsO, ......2.., 1.3 x 10-2" 21.87 
U(OH)s .........02. 1 x 10-19 19.0 
WOM) a fe a cictetg Lb Aa a 1 x 10-45 45 0 
U0O,(0OH),(UO03*, 20H -) 1x 10-"* 22.0 
VO(OH), .......2.2.2.. 7.4 X 10-23 22.13 
V,0,(VOF, OE). 2 seca & Goan 1.6 xX 10-15 14.8 
(VO)(POgn . ww 8 xX 10-25 24.4 
W(OH), .........0.4., 4 xX 10-50 50.0 
WOH) 6 | ena se os Oh ce ak 6.3 x 10-25 24.2 
ZN3(AsO,4)o 2 as oe AS Ee as. os 1.07 x 10-27 26.97 
Zn(CN), 2... .. 2. ee 2.6 X 10-13 12.59 
ZnCO,; ............ 1.45 & 10-1! 10.84 
ZnC,0,.......2....., 1.5 x 10-9 8.8 
ZnoFe(CN), ......2.2.24~. 4.4 X 10-19 15.39 
ZnHg(SCN),[Zn2+, Hg(SCN)3-) 2.2 x 10-7 6.66 
Zn(IOg)p . 2... el 2.0 x 10-8 7.7 
Zn(OH),(Zn?2+, 20H-) 7.4 & 10-18 17.45 

(ZnOH*t, OlI-) ...... 1.8 x 10-13 42.75 

Pn(PO)e oo ose ee a eo wee 9.1 x 10-33 32.04 

i? a ee ee a 1.6 x 10-24 23.80 
(Sphalerite) 

DOI: sock ots Be be Sh -ck Se 2.9 10-22 21.60 
(vurcite) 

MOG, 6 a hod ke ee we SE 1 x 10-31 31 
ZnSeO,.........02. 2.57 x 10-7 6.59 
ZTO(OU) 5. - ese a sie ee 2x 10-24 23.7 
Zr(OH),(Zr4+, 40H-) . 2... 1.1 x 10-5 53.96 

[Zr(OH)2+, 20H] | 3.2 x 10-28 25.50 
Dia (PO eee ee Reh ae Gee, ae 1 x 10-!38 132 
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Table 12 


Activity Coefficients of Various Ions at High Values 
of the Ionic Strength of a Solution 


(Approximate Values) 
The table has been compiled by L. Meites* according to the Davis 
formula: 
_ log fj, 0.511 Vv r 
Zi 1414.5Vp — 
where yp is the ionic strength of a solution, f; is the activity coefficient 


of an ion, Z; is an ion charge (from 1 to 6). A mean value of ion radil 
was taken as an effective ion radius. 


f; at Z; equal to 


log f; 
me SUES 
1 2 3 4 H) Ys) 

0.05 | 0.076 0.84 | 0.50 | 0.21 | 0.062 0.013 0.0019 
0.1 0.090 | 0.81 | 0.44 | 0.16 | 0.037 0.0058 | 0.00060 
0.2 0.097 0.80 | 0.44 | 0.14] 0.028 0.0038 | 0.00033 
0.3 0.094 0.81 | 0.42 | 0.14} 0.032 0.0046 | 0.00043 
0.4 0.086 0.82 | 0.45] 0.17 | 0.042 0.0072 | 0.00082 
0.5 0.075 | 0.84] 0.50] 0.21 | 0.062 | 0.013 0.0020 
0.6 0.063 | 0.87 | 0.56 | 0.27 |; 0.098 | 0.027 0.0054 
0.7 0.050 | 0.89} 0.63} 0.36 | 0.16 0.058 0.016 
0.8 0.035 0.92 | 0.72 | 0.48} 0.27 0.13 0.05% 
0.9 0.020 0.96 | 0.83 | 0.66 | 0.48 0.31 0.19 
1.0 0.0044 | 0.99 | 0.96} 0.91 | 0.85 0.78 0.69 


*L. Meites, Handbook of Analytical Chemistry, London, 1963, 
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Table 13 


Calibration of Glassware 


Correction A is equal to the difference between 1000 g (mass of 
one litre of water in a vacuum at 4°C) and the mass of one litre of 
Water in a vacuum at a temperature indicated in the first column. 

Correction 8 for weighing in air with the aid of brass weights (the 
density of brass is 8.4 g/cm) is calculated with an allowance that 
barometric pressure differs little from the standard one (760 mm Hg) 
and that the relative humidity of air is about 50%. Since with a change 
in barometric pressure by 10 mm Hg the value of B changes on average 
by 14 mg, it is necessary, if pressure deviates greatly from 760 mm, 
to use a more accurate value B’ = B 4. (P — 760) 1.4 mg, where P is 
the barometric pressure. 

Correction C for the expansion (or compression) of a vessel depend- 
ing on whether the temperature is above or below the standard one 
(20°C) is calculated according to tho mean expansion coefficient of 
glass, equal to 25 X 10-8. 

The last column gives the mass of water in air at experiment 
temperature occupying at 20°C a volume of one litre. When calibrating 
vessels with a smaller capacity, one should take the corresponding part 
of this mass. 


Tem- Mass of Cor- Cor- Cor- 
era- | 1000 ml of | yec- rec- rec- B+C, 100 
ture, aa 3 tion tion tion a Me a ar : 

9 999.81 0.149 | 1.40 | +0.28 1.57 998 .43 
10 999.73 0.27 | 1.09 | 40.25 1.64 998 .39 
14 999 .63 0.37 1.09 | +0.23 1.69 998 .31 
12 999 .52 0.48 1.09 ; +0.20 1.77 998 .23 
13 999 .40 0.60 | 1.08 | +0.18 1.86 998 .14 
14 999 .27 0.73 | 4.08 | +0.15 1.96 998 .04 
15 999 .13 0.87 1.07 | +0.13 2.07 997 .93 
16 998 .97 1.03 | 1.07 | +0.10 2.20 997 .80 
17 998 .80 1.20 | 1.07 | +0.08 2.30 997 .65 
18 998 .62 1.38 | 1.06 | +0.05 2.49 997 .51 
19 998 .43 1.57 | 1.06 | +0.03 2.66 997 .34 
20 998 .23 1.77 | 1.05 0.00 2.82 997 .18 
24 998 .02 1.98 | 1.05 | —0.03 3.00 997 .00 
22 997 .80 2.20 | 1.05 | —0.05 3.20 996 .80 
23 997 .57 2.43 | 1.04 | —0.08 3.39 996 .64 
24 997 .33 2.67 | 1.04 | —0.10 3.61 996 .39 
95 997 .08 2.92 | 1.03 | —0.43 3.82 996.18 
26 996.82 | 3.18 | 1.03 | —0.15 | 4/06 995.94 
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Table 13 (continued) 


7 Mass of 
seta, | 1000 ml of 
ture water ina 

oc’ vacuum, g 


(d- 1000) 


1000 — 
as (A4B+C), 


996.55 
996 .27 
995.98 
995 .68 
995 .37 
995.06 
994.73 
994 .40 
994 .06 


6 O~1us 
Goh po aa 


GR OT OES 1B Bs DS 0 Go 
Oo oncjwa 

hm Osis 

Or ee SP Se Pee 
CO 

ive) 

> GO? OV OT ON OT eS oS DS 
Ot bo C C2 OG) OO ON 
Cr Ons C1 CO CO = C1 © 
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Table 14 


Calculation of the Results of Volumetric-Analytical 
Determinations* 


One millilitre of a titrating solution titrates N,E, mg of a sub- 
stance being determined (N, is the normality of the titrating solu- 
tion**, FE, is the equivalent weight of the substance being determined 
that is given in the table). If g is the weighed portion of the material 
being analysed in mg and V is the amount of the titrating solution 
use in titration, then the percentage of substance z being determin- 
ed is: 


a VN cE x+100 
or a 
A. Acid-Base Titrations (Acidimetry and Alkalimetry) 


Substances used for titration and the concentrations of their normal 
colutions: 


(a) Acids 
Formula ete ee 4a Se lic] II,SO, HINO, H.C,0,+-2H,O 
Concentration of 1N 

solutions (g/l) . . 36.464 49.039 63.0129 63.0333 
(b) Alkalies 
Formula .. ew ee )6|6NOOH KOH Ba(OH), -8H,O 
Concentration of 1N solu- 

tions (g/]) .. we .)©689.9972) = 56.109 457.74 


Fquivalent 
weight, E log E 


8.99383 | 95 394 


B (titration of H,BO, with phe- 
nolphthalein in the presence of 
mannitol or glycerin) 1 10.811 03 387 


85.670 93 285 
157.74 19 794 
22.0050 34 252 
30.0047 47 719 
59.0450 77 118 


* M=—molecular weight. 


* For the use of the table, see p. 462. 
** In the notation N,, E,, etc., given here and in the following tables, 
symbol s, written aS a Subscript, applies to the titrating Solutions, and Symbol 
x applies to the titrates of a substance being determ{ned. 
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Table 14 (continued) 


Substance being determined | wr ete lox E 
GaGOs, be ks oe he ne Hove te ek 1/2 90.045 69 936 
Ca(HCO,). es ly o> ABs as-is cider Bip Sates 1/2 81.057 90 879 
COO eee aoe th dy ge ae we oe, ee Re 1/2 28 .040 44 778 
Ca(OH), be a late tere eae, Ge, a 1/2 37 .047 96 875 
HjBO, (with phenolphthalein in 

the presence of mannitol or gly- 

COLIN): 2) 46.6 6 2k we oe OE Se 4 61.833 79 122 

DBs oid dort, ey Yee a he «is ey SE Glo 1 80.912 90 801 
HGHO3: eco oe ack 1 Ge HRS 4 46 .0259 66 300 
(formic acid) 

Bg Ose ew. Es ca ok ok 1 SS 4 60.0530 77 853 
(acetic) 
MeCHiOe 5 @ SA os wd ES 1/2 59.045 77 118 
(succinic) * 
HCHO e oc ye oa Se we eS 1/2 75.0445 | 87532 
(tartaric) 
HaCoH,0, Wee ae Re Berce: Se oe 1/3 64.0420 80 646 
citric 
HC. tf,0, HO <2: xt, ae, ee a we 1/3 70.0473 84 539 

Sp OeS of ae ee 2S ee Ss 1 122.125 08 680 
benzoic 
aCs y ee ee ee ee ae ee 1/2 45.0179 65 339 
oxalic 
T.C,0, S2tleO?. it acre Se Bs SR) HES 1/2 63.0333 79 9957 
FIC see e. Secoky See. Mie Av Soko xg?. tee Ge REE 1 36.461 06 183 
CLG pte: ae is, 9 ae este es Se Se) 4 100.459 00 199 
ES 5 tee hh ws. fet 6: ie De ES 4 20.0064 | 30117 
TA hee coctp teh Tat Cp tie igh caer BN AE ee 1 127.9124 10 691 
FOG. ssc Ses he ces teed Ge de, nee Sets ; 175.9106 24 529 


TEIN OF. «Sos, can tee ae Ah ee ea eae 63.0129 79 943 


HPO. ‘(with methyl orange, or 
methyl yellow, or bromocresol 


sgh se GRD. ee Ga ae Bi ae 1 97 .9953 99 121 

H PO. (with thymolphthalein, or 

‘phenolphthalein, or thymol blue 
in the presence of NaCl) . . 1/2 48.9977 69 018 

HsPO, (with eee ‘in 
the presence of CaCl,) .... . 1/3 32.6651 51 408 

H;PO "(titration of phosphoromo- . 

lybdate precipitate) ...... 1/23 4.2607 62 948 
Bieter Mast, ede Beta 2 1/2 49 .039 69 054 

cot with thymol blue or phe- 
ne ie ia hed ah 1 | 138.213 | 14055 


K,CO, (with methyl yellow, or 

methy] orange, or ara a 

blue, or bromocresol blue) . . .| 1/2 69.107 83 952 
KHOCO}. 6 Ss ie he a ee ee ee 1 400.119 00 052 
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Table 14 (continued) 


Equivalent 


weight, E log E 


Substance being determined | as 


KG Oe. dk oxi & eo 1 188.183 27 458 
(hydrotartrate) 

WHC GHAOg 2 awe Be we { 204 .229 31 012 

1 

j 


(hydrophthalate) 
NTO) a an wee ee Rte tee Se 389.915 | 59097 
kK OH 04.109 74 903 


Molphthalein) ........-. | 73.887 86 857 


blue, or bromocresol blue). . . 1/2 36.944 56 754 
MEGOs i: oan etka Bee ae 4/2 42.157 62 487 
DMPO cose oe hes Baca fi en 3 i ae 7 Fr 
N (according to Kjeldahl)... . .006 
6.25 N (“albumen”) ee ae SS — 87 .5419 94 222 
6.37 N (“casein") ...- 1. + _— 89 2227 95 048 
9.00 N (“gelatin”’) ....-. 5. — 77.7372 89 063 
NGL Gat ais. & dd cet. Hee tee 4 17.0306 23 123 
ING Song ih ar cas eae Se ie { 18 .0386 29 620 
INEIAGI@: 50 Se a sem ee Se aR, a SS 4 93.492 72 829 
CNG eSOy. 2e- un i ag hae By tie 4/2 66.070 82 000 


nolphthalein of precipitate 


NaZn(UO,)e(CsH0o)p-6H,0] ..| 1/10] 2.29898 | 36 154 
Na,B-Os 408120 ee Ld 4/2 | 190.69 28 033 
Na,CO ts thymol blue or phe- 

nolphthalein) ........- 1 | 405.9890 | 02526 


Na,CO, (with methyl yellow, or 
methyl orange, or bromophenol 


blue, or bromocresol blue)... | 1/2 02.9949 72 423 
Na,CO,-40H,0 ..... 2. 1 we 1/2 143.071 15 555 
NaHCO «scx: ese Gea Wi Soe 1 84.0071 92 432 
INGO EE ad ce. aces oe, Se el et 1 39.9972 60 203 
P (titration of phosphoromolybdate 

precipitate) ........4.. 1/23 1.3467 12 927 
PO3Z- (titration of phosphoromolyb- 

date precipitate) ....... 1/23 4.1292 64 587 


B. Oxidation-Reduction Methods (Manganatometry, Chromatometry, 
Iodometry, Bromatometry, Ceriometry, etc.) 


Substancos used for (tration and the concentrations of their normal 
solutions: 
(a) Oxidizing Agents 
Formula, | | KMnOQ, Co(NH,)q(SOq)e2Hy0 Co(SO,),-4H9 


Concentration of { 
solution (g/l) - 31.6075 632.59 _— 
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Table 14 (continued) 


Formula ..... I, K BrO, K,Cr,0, 
Concentration of 1N 
solution (g/l) .. 126.9044 27 .835 49 .032 
Formula ..... KIO, Ca(ClO), NH,VO,; 
Concentration of 1N 
solution (g/l) .. 35.6674 35.745 116.979 
(b) Reducing Agents 
Formula ... . Na,S,03;-5H,O Fe(NH,),(SO,).-6H,O FeSO,-7H,O 
Concentration of 
iN _ solution = 
(g/l) 2... 248 .18 392.14 278 .02 
Formula e ee e . CoH, O, lHig.(NQs)> -2H,O 
(ascorble 
acid) 
Concentration of 
iN solution 
(g/l) ..... 88 .064 280.64 
Substance heing determined | = Aeiches log E 
Al (after precipitation with hydro- 
xyquinoline) ......... 1/12 2.24846 | 35 189 
AS (AS 2 AS? *). 2 ok foe eG eek 1/2 37 .46080 | 57 358 
Ba (after precipitation in the farm 
of BaCrO,) .......... 1/3 45 .780 66 068 
Bi (after precipitation with pyare- 
xyquinoline) ....... ; 1/12 17.4150 24 092 
Be. 3 i ae he ee SS | 79.904 90 257 
BEOs.. 5%. 4 3d: sense 1 Ot Se Bd Se A 1/6 21.3170 32 872 
6 H,OH (according to Koppeshaar) | 1/6 15.6857 19 550 
enol 
cN- (iodometrically and according 
to Schulek) .......... 1/2 13.00895 | 411 424 
Ca (after precipitation in the form 
OF: CaG.O4).@ 6.6.2 3S 2. tee Ae 1/2 20.040 30 190 
Cd (after precipitation with hydro- 
xyquinoline) ......... 1/8 14.050 14 768 
Ce (after precipitation with hydro- 
xyquinoline) ......... 4/12} 411.677 06 733 
Cl(active): he a4 aa ee 4 35.493 04 965 
Ce. as ae See oe oh He ae Se 1/2 39.453 04 965 
ClO? eg oe Re oe el Bee A 1/2 20.726 41 037 
aoe a ee a ee ee ee” 1/6 13.9035 14 312 
o [after preci eation in the form 
a K,Co(NOsg)sl . .. 2°... | AMM 5.3076 72 897 
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Table 14 (continued) 


Substance being determined =. SOE: log E 

Co (after precipitation with hydro- 

xyquinoline). ......... 1/8 7.3667 86 727 
Cr (Cr, 027 => 2Crs"): a 6a) a. 68 1/ 17.3320 23 885 
POF wis a, be. Se GRE a SY Se 1/3 38.6647 58 731 
CIs0e= ta. Gay 2, idee we 1/6 350 ..9980 50 628 
Cu (iodometrically) ....... 4 63.546 80 309 
Cu (titration of precipitate CuSCN 

with permanganate) ..... . 1/6 10.5910 02 494 
Cu (after precipitation with hydro- 

xyquinoline). ......-+:- 1/8 7.9433 90 000 
Fe (Fe3+ ~ Fe*+) ..... +s: 1 Qu .847 74 700 
Fe (after precipitation with hydro- 

xyquinoline) ....+.++.:: 1/12 4.6539 66 782 
Fe(CN),[Fe(CN)3- -> Fe(CN)s7] 1 | 211.954 | 32624 
Fe(NH,).(SO,).°6H,0 ..---: - 4 392.14 59 344 
OOo cs a hee Be Cae we he 1 Se ] 71.846 85 640 
Fe, O¢:. <2) :4 4.4 G, Ge. & ee aS 1/2 79 .846 90 225 
FOSO} uc & gue gp ae Se ae 4 151.91 18 159 
FeSO ,:7Hi0' § eae ee 1 278 .02 44 408 
Ga (after precipitation with hydro- 2 
; apauinenne) aCe ee es 1/12 5.810 16 418 

N (iodo "ic and accordin 

to sonutek) A ee As PY 4/2 43.5129 | 13075 
SCs O gas, Ben GR ES BS 1/2 45.0180 65 339 
e.0, -211,0 1/2 | 63.0333 | 79957 
Te ace Ae eee i | 4127/9124 | 10691 
HINOS. & ic & Bet ee BS RS 1/2 23.5068 37 119 
HO... fe ek ee ee ee eS 1/2 17.0074 23 064 
Hi,S (iodometrically) ...--:- 1/2 17.040 23 147 
H,S (bromatometrically and man- 

ganatometrically) ....--:- 1/8 4.2600 | 62 941 
HSCN (manganatometrically) ..| 1/6 9.8483 | 99 336 
HISCN (iodometrically according to 

Rupp and Schied) .....-- - 1/8 7.3863 86 843 
El GOs 6 ee Gece ed 1/2 | 41.039 61 320 
11,SO, (through barium chromate) 1/3 32.693 54 445 
Dh Bee Sao Be dir he tages Week? Ay cat ie aE OR, Sal 4 126.9044 10 348 
I- (after oxidation to iodine with 

anitrite) . 2... ee ee es 1 126 .9044 10 348 
I- (after oxidation to IOs with 

bromine) ....-.-++-+55 1/6 21.1507 32 533 

Bee A Se, Be eee S We Ee hs ET 1/6 29 .1504 46 464 
In (after precipitation with hydro- 

xyquinoline). ......... 4/42 9.5682 98 083 
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Table 14 (continued) 


Substance being determined — aeiente log E 
KBIO ss. «nee @ Kod. kc & are ew & 1/6 27 .834 44 458 
KeClO ss: it Sk hee Ge ee Se 1/6 20.426 31 018 
FGGLO Ss gm wesc ds er eh 2 he me es 1/3 64.733 81 113 
Keg Gra Oy: eke 4 oe Sh 1/6 49 .032 69 048 
KsFe(CN), ........2022.. 1 329 .26 51 754 
Kg Fe(ON Je a: eo. eo Yee etd 4 368.36 56 627 
K «Fe(CN), .3H,0 it Oe, Ose ooo os 1 422 44 62 573 
KEL(LOs) oe. aves ce SS ae me 2. oe Bs 1/12 32.4929 51 179 
KOs: ee A, EO eae oe 1/6 39 .6674 55 227 
KMNOg. Sp. % Gs ede us GS 1/5 31.6075 49 979 
BONO ge. cei Bh ee Se et ae -s 1/2 42 554 62 894 
Mg (after ee eae with hydro- 

xyquinoline). ..... 1 60 
Mn (by the bismuthate method). ie ee i 590 
Mn (by Volhard’s method 3/140] 16.4814 | 24699 
Mn (by Doe s or Hampe’ 5 ; 

method) .........0620;,., 4 
Mn (after precipitation with hydro- Me 27.4690 er 

xyquinoline). ..... | 
MnO; ohare with FeSO,- me Baise ath 

KMnO)): 602 24.40 aoa wy eS 4 17 
Mo (iodometrically) Boom ae Se oe! fe aan oe B00 
Mo (after reduction with zinc) . 1/3 31 980 50 488 
Mo (after et dana with hydro- ; 

xyquimoiine). ....,..,,, 1/8 11.993 07 893 
NH-OH., 8 4% 9 as & oe eere, 1/2 16.5131 91 783 
NO oo 6h oe Oe He ee 1/2 23 .0028 36 178 
Na [dissolution of We Ty 

NaZn(UOg)3+(C2H302)9-6H,0, re- 

duction with zine and nee 1/6 3.8316 58 338 
NaoC:0, 4 thee ee 1/2 67.000 82 607 
NaClO cc © & Gok Se S4 ee 4/2 37.994 57 079 
NaNQs 6. #8: eee! Se 1/2 34.4977 53 779 
NaS (S2->S°)........; 1/2 39.022 59 134 
Na,oOs: 20-4 wee Be se xs 4/2 63.024 79 949 
Nias S505) 8 eso ee aw we ee Ye 4 4 158.41 19 896 
Na,S,03°0H,0 .... 1... 2.0, 1 248 .18 39 477 
IB rahe oe eee i te en 1/2 46.453 66 701 
Nb (empirically) Git ae. Ge eee ta oh ta — 49.9 69 810 
Ni (after precipitation with hydro- 

xyquinoline) ........, 1/8 7.339 86 564 
O (“activated oxygen”) ...., 1/2 7.9997 90 307 
OF. Side gg ech eke teh ieee ee es & 1/2 23.9991 38 019 
Pp (titration of phosphoromolybdate 

precipitate with permanganate 

after reduction with zinc) .. . 1/36 0.8638 93 469 


Substance being determined 


Ph (after precipitation of PbC,O,) 
Ph (after precipitation of PbCrQ,) 
Pb (after precipitation with hydro- 
xyquinoline) 
S (S*-— S?) 
S (S2- -» SOz-) 
SCN- (manganatometrically) =. . 
SCN- (iodometrically according to 
Rupp and Schicd) 


xyquinoline) 
U (Ut- > UO§*) | 
U (after precipitation with hydro- 
xyquinoline) 
V (VO2+ > VO5) 
V (after precipitation with hydro- 
xyquinoline) 
Zn (after precipitation with hydro- 
xyquinoline) 
Zr (after precipitation with hydro- 
xyquinoline) 


C. Methods of Precipitation and Complexing* 


E 


M 


[2 
1/3 
1/8 
1/2 
1/8 
1/6 
1/8 
1/2 
1/2 
1/3 
4 
1/8 
1/2 


4/12: 
1/2 


1/16 
1 

1/8 

1/2 


1/12 
4 


1/8 
1/8 
1/16 
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Table 14 (continued) 


Equivalent 
weight, E 


103.595 
69 .U63 


20.899 
16.032 


0.988 
119.045 


19.836 
00,942 


6.368 
8.174 
9.701 


log E 


01 534 
83 925 


41 328 
20 499 
60 293 
98 589 


86 095 
o0 558 
60 240 
00 543 
04 972 
14 662 
718 444 


00 $29 
77 338 


16 143 
63 N34 


(7 728 
07 560 


29 745 
70 708 


80 400 
91 228 
75 999 


Substances used for titration and the concentrations of their nor- 


mal solutions: 


Formula ..... AgNO, Hg(NOg).:H,O KSCN 
Concentration of 1N 

solution (g/l) 169 .873 174.34 97 . 184 
Formula ..... NH,SCN Hg,(NO,),-2H.O 
Concentration of 1N : Ba(NOs)e : 

solution (g/l) 76.120 280.64 


* For methods of titration with complexone III, See Section D, p. 


9—1845 


NaCl 


58.443 
K,CrO, 


97 .099 
130. 
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Zable 14 (continued) 


Substance being determined — alco | log E 
PG i he eat thy GE, ee 0 te, eB sk 4 107 .868 03 289 
PONG) ete Se gets? oe, oes aye oe 4 169 .873 23 012 
Ba (direct titration of K,CrO,) . .| 1/2 68 .670 83 677 
DOS sate ee hc eo at ste ie ae 1 79 .904 90 257 
CN~- (according to Mohr, Volhard, 

Fajans)* «a & ao ee Gem hs Six 1 26 .0179 41 527 
CN- (according to Liebig, Denigés) 2 52.0357 71 630 

ee a ee ee a 1 35.453 94 965 
F- (after precipitation in the form 

ob PDCIE). 2.3. i ae a- &E Fow ee 1 18.9984 27 872 
WDE age oe chs vege BA at baat OO 1 80.912 90 801 
HCN (according to Mohr, Volhard, 

PAjQNS): 6 6 a. weer Mion tered, 4-858 { 27 .0258 43 178 
HCN apcecnane to Licbig, Deniges) 2 94.0516 73 281 
GD a aot gawk Se wm aces: Gee Oe { 36.461 06 183 
BUD sca” i Re whe dee Ge Hin Se Uae aes ne 1 127.9124 10 694 
HSCN (according to Volhard) . . 1 09.090 77 154 
Hg (with rhodanide) ....... 1/2 100.295 00 128 
De ons che oA eans Bole eve 1 126.9044 10 348 
ROBE se. he diay 0-28 don Se a tere, BOS 1 119.006 07 557 
KCN (according to Mohr, Volhard, 

FAANS):” 6-5 2-o. 2 wie & eS 1 65.120 81 371 
KCN cerning to Liebig, Denigés) 2 130.240 11 474 
OGM) ee, es oe, tes Be Hs He Ok Ge ee ts { 74.999 87 248 
FTE scene ae @ oh oes dy ee Ge a Se oe 1 166 .006 22 012 
NEIGH 2, ek Ye eke lesa he | 03.492 72 829 
NABD oc & 2. Seow & boos ee 1 102.894 01 239 
INGGD. a6 ich ce es Be, Se ast a La 1 08 .443 76 673 
INGE 25 ic.ae Sie: Mates ees, BO Ee ee th, 4 149.8942 17 578 
SCN- (according to Volhard) .. . 1 08 .082 76 404 


D. Methods of Titration with Complexone III 


(with sodium ethylenediaminetetraacetate, EDTA, trilon B) 
Substances used for titration and the concentrations of their nor- 
mal (molar) solutions: 


Formula ..... NagHeCygH.0gN. Nagkl.CjolI,.0,N,-2H,O 
Concentration of 1NV 
(1M) solution 
(gil). & wee 1% 336.211 372.242 
Substance heing determined | a echt, Be log E 
Ag [after adding K,Ni(CN),] . . . | 2 | 215.736 | 33 302 
OMe ci nae Wie es Wao ee es a 1 26.9815 43 106 


Substance being determined 


As (in the form of MgNII,AsQ,) . . 
AsO} (in the form of MgNH, ‘\sO,) 


e ee 8 @ @ @© 8 8 8 8 8 ee e@ 8 @ 


ei AgBr) 
CN (after adding Ni**+ salt) . . . 


F ates adding Ca?t salt) Boe 
F aeeroue PDbCIF) 


Ir Ge than Se 
I lin the form of Nak Co(NOg)gl 


Mo (in the form of CaMoO,) 
Na [in the form of 

< NaZn(UO,}) «(Cofl30.)y 61120] 
iT 2 a BS ee ROR ee Ge, ee ES 


S (in the form of BzSO, 

SCN- (through AgSCN) 
SO2- (in the form of BaSO,) . . . 
SHCRD) 354. ee gs et AK A ES 


V(IV) . 


Zr ee ee eee a eB a 


=| 
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Table 14 (continued) 


Equivalent 
weight, E 


74.9216 
138 .9192 
137 .34 
208 .980 
159.808 
104.0714 
40.08 
112.40 
140.12 
70.906 
08 .9332 
51.996 
63.546 
37.9968 
18.9984 


22.9898 
o8.71 
30.9738 
94.9714 
207.19 
106.4 
195.09 
32 .064 
116.16 
96 .062 
118.69 
87,62 
232 .038 
47 .90 
204.37 
476.06 
90.942 
183.85 
65 .37 
914.22 


log E 


87 461 
14 276 
13 780 
32 010 
20 360 
01 733 
60 293 
05 077 
14 650 
89 068 
77 036 
71 (997 
80 309 
07 974 
27 872 
74 700 
84 336 
30 231 
40 451 
06 002 
28 375 
89 323 
14 273 
38 570 
73 987 
98 200 


36 154 
76 871 
49 099 
97 759 
31 637 
02 694 
29 024 
20 602 
06 506 
98 255 
07 441 
94 260 
36 956 
68 034 
31 042 
67 766 
70 708 
26 446 
81 538 
96 009 


Q* 
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Table 16 


Calculation of the Results of Gas 
and Gasometric Analyses* 


If an analysis of a substance is reduced to the preparation of a cer- 
tain gas whose volume is measured, then, for further estimates, this 
volume must be brought to standard conditions, i.e., to a temperature 
of 0°C and a pressure of 760 mm Hg. 

Here, three cases are possible: 


1. Gas collected dry over mercury 


In this case the gas volume under standard conditions (V9) is 
found by the approximate but sufficiently accurate formula: 


7 Po a 
mor (i-+at) 760’ 
where V = measured gas volume; 
f= gas temperature; 
a = 0.003670; 
P, = barometer reading brought to 0°C. 


___Po 
. ~ (+ at) 760 
Value Py is found by the formula: 


Po=(Pi— zt") mm Hg 


where P; = barometer reading; 


t' = temperature of mercury in the barometer (the temperature 
of the air around the barometer is measured). 


log Vo = log V + log F 


The values of log F for various values of ¢ and P, are given in 
Table 16,A. 


2. Gas collected over water 


In this case a correction for mercury temperature must be made 
in the barometer reading and water vapour pressure at temperature ¢ 
must be deducted: 


Py=Py—— t'—Py 


where P, is the water vapour pressure at the corresponding tempera- 
ture of gas over water; it is given in section B of this table, 


* For the use of the table, see p. 468, 
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Table 16 (continued) 


38. Gas collected over KOH solution or over 
a saturated NaCl solution 


_ In this case the value of water vapour pressure over the correspond- 
ing absorbing aqueous solution must be deducted from the 
value of P;: 


Py=Pi—zt'—Pp 


The values of Py, for aqueous solutions are given in Table 16,B. 

If the collected gas is the component whose content is determined 
in the substance being analysed, then, to find the mass of this gas, 
the found volume V, must obviously be multiplied by the density p 
of this gas under standard conditions; hence, the percentage (xz) of the 
unknown component is: 


7 Yoxe X 100 
& 


where g is the weighed portion of the substance being analysed. 

Thea corresponding values of the mass of one litre of gas in grams 
or of one millilitre of gas in milligrams and their logarithms are 
given in Table 16,B 

But if, according to the mass of collected gas, a calculation is 
made of the percentage of a certain component of a substance which 
is being analysed and from which this gas is separated, then the mass 
found must be multiplied by the value of f’. Table 16,D gives the 
rede of f’, which are the product of the conversion factor and gas 

ensity. 

The conversion factor is estimated on the basis of the reaction 
as a result of which the gas heing measured is obtained. Thus, in 
determining Al according to the amount of liberated H,, we find 
that three H atoms are formed per Al atom: 


1 | aaipyH 26.982 x 0.08988 _ 
Y= ag) @a) + Bay 3x 1.0080 = 9-8020 
where aa1 = atomic weight of Al; 


ayy = atomic weight of H; 
PH = density of H, according to Table 16,C. 

Thus, the percentage of the unknown compound (z) is found by 
the formula: 


Vof’ x 100 
2 = 
g 
or 
POE 0 Mie 400 


& 
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Table 16 (continucd) 


A. Bringing the Gas Volume to Standard Conditions 


Tem- Corrected barometer reading Po, mm Hg 
ture, 
°C 660 | 6614 | 662 663 664 | 665 | 666 
Logarithm of multiplier / 
DS | 93.083] 93 149] 93 214| 93 280 | 93 345 | 93 410 | 93 476 
6 | 92 927] 92 993} 93 058} 93 134 | 93 189 | 93 254 | 93 320 
7 |92 771] 92 837| 92 903] 92 969 | 93 034 | 93 099 | 93 164 
8 | 92 616] 92 682] 92 748] 92 814 | 92 879 | 92 944 | 93 009 
9 |92 462] 92 528] 92 593] 92 659 | 92 724 | 92 789 | 92 855 
10 | 92 308] 92 373] 92 439] 92 505 | 92 570 | 92 635 | 92 701 
11 |92 154] 92 220] 92 286] 92 352 | 92 417 | 92 482 | 92 547 
12 |92001) 92 067] 92 133] 92 199 | 92 264 | 92 329 | 92 394 
13 | 94 849] 94 914] 91 980] 92 046 | 92 141 | 92 176 | 92 242 
14 | 91697] 91 762] 91 828] 91 894 | 91 959 | 92 024 | 92 090 
15 | 94 546! 91 612/91 677 |91 743 | 91 808 | 91 873 | 91 939 
16 191 395] 91 461/91 526 | 91 592 | 91 657 | 91 722 | O1 788 
17. 191245] 94 311/91 376 | 91 442 | 91 507 | 91 572 | 91 638 
18 |91 095] 94 161/91 226 {94 292 | 91 357 | 91 422 | 91 488 
19 {90 946] 91 011/91 077 | 91 143 | 91 208 | 91 273 | 91 339 
20 190797] 90 862 90 928} 90 994 | 91 059 | 91 124 | 91 190 
21 190649] 90 714] 90 780} 90 846 | 90 911 | 90 976 | 91 042 
22 190504} 90 567| 90 632! 90 698 | 90 763 | 90 828 | 90 894 
23 | 90 354] 90 420) 90 485] 90 551 | 90 616 | 90 681 | 90 747 
24 | 90207| 90 273) 90 338] 90 404 | 90 469 | 90 534 | 90 600 
25 190064] 90 127] 90 192] 90 258 | 90 323 | 90 388 | 90 454 
26 | 89915] 89 980] 90 046] 90 112 | 90 177 | 90 242 | 90 308 
27. | 89770] 89 836| 89 901] 89 967 | 90 032 | 90 097 | 90 163 
28 | 89625] 89 690] 89 756] 89 822 | 89 887 | 89 952 | 90 018 
29 =| 89 4814] 89 547] 89 612] 89 678 | 89 743 | 89 808 | 89 874 
30 | 89 337| 89 403] 89 469] 89 534 | 89 600 | 89 665 | 89 730 
31 | 89 194] 89 260} 89 326] 89 391 | 89 457 | 89 522 | 89 587 
32 | 89051] 89 117} 89 183] 89 248 | 89 314 | 89 379 | 89 444 
33 | 88 909] 88 975] 88 041] 89 106 | 89 172 | 89 237 | 89 302 
34 | 88 767] 88 833] 88 899] 88 964 | 89 030 | 89 095 | 89 160 
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Table 16 (continued) 


Tem- Corrécted barometer reading Po, mm Hg ; 
pera- Propor- 
ture, tional 
°C 667 | 668 669 670 671 672 673 parts 
Logarithm of multiplier F 
5 |93 541] 93 606] 93 674] 93 736 | 93 801 | 93 866 | 93 931 
6 | 93 385) 93 450] 93 515] 93 580 | 93 645 | 93 710 | 93 775 
T 193 229] 93 294] 93 359} 93 425 | 93 490 | 93 554 | 93 619 
8 |93 074] 93 139} 93 205) 93 270 | 93 339 | 93 399 | 93 464 65 
9 | 92920) 92 985) 93 050} 93 115 | 93 180 | 93 244 | 93 309 eae sig | cea lcseias ei sis a = on 
3| 19.5 
4| 26.0 
10 | 92 766) 92 831] 92 896] 92 961 | 93 026 | 93 090 | 93 155 Ay | tea ene) |saiatel aai50i | eles hoaioan lnaaes | a 
14. | 92 612) 92 677] 92 742] 92 807 | 92 872 | 92 937 | 93 0621 7] 45.5 
12 | 92 459] 92 524] 92 589] 92 654 | 92 719 | 92 784 | 92 849 | 8| 52-0 
13 | 92307| 92 372| 92 437| 92 502 | 92 567 | 92 631 | 92 696 | °! 58-5 
14 | 92 155] 92 220] 92 285! 92 350 | 92 415 | 92 479 | 92 544 
15 |92004| 92 069] 92 134] 92 199 | 92 264 | 92 328 | 92 393 
16 | 94 854| 91 918] 91 983] 92 048 | 92 113 | 92 174 | 92 242 
17 194703] 91 768} 91 833] 91 898 | 91 963 | 92 027 | 92 092 151 
18 |94 553] 91 618] 91 683] 91 748 | 91 813 | 91 877 | 91 942] 14) 15.1 
19 91 404] 94 469] 91 533] 91 599 | 91 664 | 91 728 | 91 793 | 2} 39-2 
4| 60.4 
5| 75.5 
20 | 94 255] 91 320] 91 385] 94 450 | 91 515 | 91 579 | 91 644 | §| ,22°5 
21. | 91107] 91 172] 91 237] 91 302 | 91 367 | 91 431 | 91 496 | 8] 120.8 
22 |90 959] 94 024] 91 089} 91 154 | 91 219 | 91 283 | 91 348 | 91135.9 
23 | 90812] 90 877] 90 942| 91 007 | 91 072 | 91 136 | 91 204 
24 190665] 90 730] 90 795] 90 860 | 90 925 | 90 989 | 914 054 
29 | 90519] 90 584] 90 649] 90 714 | 90 779 | 90 843 | 90 908 
26 | 90373] 90 438] 90 503} 90 568 | 90 633 | 90 697 | 90 762 445 
27 |90 228} 90 293] 90 358} 90 423 | 90 488 | 90 552 | 90 617 1) 14.5 
28 | 90083} 90 148] 90 213] 90 278 | 90 343 | 90 407 | 90 472 | 2] 29.0 
29 | 89 939] 90 004] 90 069] 90 134 | 90 199 | 90 263 | 90 328 4 ae 
5| 72.5 
6 87.0 
30 | 89 796} 89 861] 89 926] 89 990 | 90 055 | 90 120 | 90 185 . ate 
31 | 89653] 89 718] 89 783] 89 847 | 89 912 | 89 977 | 90 042 | 9] 130.5 


32 | 89 510] 89 575] 89 640) 89 704 | 89 769 | 89 834 | 89 899 
33 | 89 368] 89 433] 89 498] 89 562 | 89 627 | 89 692 | 89 757 
34 | 89 226} 89 291] 89 356} 89 420 | 89 485 | 89 550 | 89 615 


a ee ee ee 
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Table 16 (continued) 


Propor- 
tional 
679 680 parts 


Logarithm of multiplier F 


93 995] 94 060] 94 124 
93 839] 93 904] 93 968 
93 683] 93 748) 93 812 
93 528] 93 593) 93 657 
93 373] 93 438) 93 502 


94 188 
94 032 
93 876 
93 721 
93 566 


93 412 
93 259 
93 106 
92 954 
92 802 


93 219} 93 284] 93 348 
93 066} 93 131] 93 195 
92 913] 92 978 93 042 
92 764) 92 826] 92 889 
92 609} 92 674) 92 737 


92 651 
92 500 
92 349 
92 199 
92 050 


92 458] 92 522) 92 586 
92 307| 92 371) 92 435 
92 156] 92 221] 92 285 
92 006] 92 071] 92 135 
91 857} 91 922) 91 986 


91 901 
91 753 
91 605 
91 458 
91 311 


91 708] 914 773) 91 837 
91 560} 91 625] 91 689 
91 412] 91 477] 91 541 
91 265} 91 330] 91 394 
914 118) 91 183) 91 247 


91 165 
91 019 
90 874 
90 729 
90 585 


90 972] 91 037] 91 104 
90 826} 90 891] 90 955 
90 681} 90 746] 90 810 
90 536} 90 601} 90 665 
90 392] 90 457) 90 521 


90 442 
90 299 
90 156 
90 014 
89 872 


90 249] 90 313] 90 378 
90 106} 90 170) 90 235 
89 963} 90 027] 90 092 
89 821} 89 885} 89 950 
89 679] 89 743] 89 808 


94 252 
94 096 
93 940 
93 789 
93 630 


93 476 
93 323 
93 170 
93 018 
92 866 


92 715 
92 564 
92 413 
92 263 
92 114 


91 965 
91 817 
91 669 
91 522 
91 375 


91 229 
91 083 
90 938 
90 793 
90 649 


90 506 
90 363 
90 220 
90 078 
89 936 
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Table 16 (continued) 


pone Corrected barometer reading P9, mm Hg Propor- 
ture, tional 
°G 681 | 682 | 683 684 685 686 | 687 parts 
Logarithm of multiplier F 
5 |94444| 94 507| 94 5741] 94 634 | 94 698 | 94 764 | 94 825 
6 | 94 288] 94 351] 94 415] 94 478 | 94 544 | 94 605 | 94 669 
7 |94 132] 94 195] 94 259] 94 323 | 94 387 | 94 449 | 94 513 
8 | 93977| 94 040] 94 104] 94 168 | 94 232 | 94 294 | 94 358 63 
9 | 93 822] 93 886] 93 950) 94 013 | 94 077 | 94 140 | 94 203] 1) ,8-3 
3 18.9 
4} 25.2 
10 | 93 668] 93 732] 93 796] 93 859 | 93 923 | 93 986 | 94049] 3] 34:3 
14 | 93 515] 93 578] 93 644] 93 705 | 93 769 | 93 832 | 93 896] 7] 44-1 
12 | 93 362) 93 425] 93 489] 93 552 | 93 616 | 93 679 | 93 743 | 8) 50-4 
13 | 93 209] 93 273] 93 337] 93 400 | 93 464 | 93 527 | 93 590 
14 | 93057] 93 121] 93 185] 93 248 | 93 312 | 93 375 | 93 438 
15 | 92 906] 92 970] 93 034] 93 097 | 93 161 | 93 224 | 93 287 
16 | 92755] 92 819] 92 883] 92 946 | 93 010 | 93 073 | 93 136 
17 | 92 605) 92 669} 92 733} 92 796 | 92 860 | 92 923|92986| 4154 
18 | 92 455) 92 519) 92 583] 92 646 | 92 710 | 92 773 | 92 836 | 1) 15.4 
19 | 92 306) 92 370} 92 434) 92 497 | 92 564 | 92 624 | 92 687 | 2| 39-2 
h| 60.4 
5/ 75.5 
20 | 92 157} 92 224] 92 285] 92 348 | 92 412 | 92 475 | 92 538 | §| 82-8 
21 | 92 009) 92 073] 92 137] 92 200 | 92 264 | 92 327 | 92 390] 8| 120-8 
22 | 94 861] 91 925] 91 989] 92 052 | 91 116 | 92 179 | 92 242 | 91 135.9 
23 | 91714! 91 778] 91 842] 94 905 | 91 969 | 92 032 | 92 095 
24 | 91 567| 94 634] 914 695] 91 758 | 91 822 | 91 885 | 91 948 
25 | 941 421] 91 485] 94 549] 91 612 | 91 676 | 914 739 | 914 802 
26 | 94 275] 94 339) 94 403) 91 466 | 91 530 | 91 593] 91 656] 445 
27 | 94 130] 91 194] 94 258] 91 324 | 91 385] 91 448 | 91 541 | » 44-5 
28 | 90975] 91 049] 91 113] 91 176 | 94 240 | 91 303 | 91 366] 2] 29:0 
29 | 90 844] 90 905] 90 969] 91 032 | 91 096 | 91 159 | 91 222] 3] 43-5 
5| 72.5 
6| 87.0 
30 | 90 698] 90 764| 90 825] 90 889 | 90 952 | 94 015 | 91 079 | 2] 192-3 
af 90 555] 90 618] 90 682) 90 746 | 90 809 | 90 872 | 90 936 | 9} 130.5 
2 
33 | 90 270| 90 333] 90 397| 90 464 | 90 524 | 90 587 | 90 654 
34 | 90 128] 90 194] 90 255] 90 319 | 90 382 | 90 445 | 90 509 
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Table 16 (continued) 


Tem- Corrected barometer reading P9, mm Hg ; 
pera- Propor- 
act 688 | G89 | 690 [sss 692 693 | 694 parts 
Logarithm of multiplier F 
5 | 94 888] 94 951] 95 014] 95 077 | 95 139 | 95 202 | 95 265 63 
6 | 94732] 94 795] 94 858] 94 921 | 94 983 | 95 046 | 95 109] 1] {8-3 
7 | 94576] 94 639] 94 702] 94 765 | 94 828 | 94 891 | 94953] 21 f5'9 
8 | 94 421] 94 484] 94 547] 94 610 | 94 673 | 94 736 | 94 798 | 4| 25:2 
9 | 94 266] 94 329] 94 392] 94 455 | 94 518 | 94 581 | 94 643 i Saco cielo ‘vs. ehh nad Bc 
7 ah! 
8 50.4 
10 | 94112] 94 175] 94 238] 94 301 | 94 364 | 94 427 | 94 489] 9! 58-7 
11 | 93 959} 94 022] 94 085] 94 148 | 94 210 | 94 273 | 94 336 
12 | 93 806] 93 869] 93 932] 93 995 | 94 057 | 94 120 | 94 183 
13 | 93 653} 93 719] 93 779] 93 842 | 93 905 | 93 968} 94030} 454 
14 | 93501] 93 564] 93 627] 93 690 | 93 753 | 93 816 | 93878 | ,) 45.4 
3 40- 
15 | 93350] 93 413] 93 476] 93 539 | 93 602 | 93 665 | 93 727 heel gaciee aacate heater aneaa lentes uence 17.0 
16 | 93 199] 93 262] 93 325] 93 389 | 93 451 | 93 514] 93 576 | 6] 92-4 
17 | 93.049] 93 112] 93 175] 93 228 | 93 301 | 93 364] 93 426 | 3] $953 
18 | 92 899] 92 962] 93 025] 93 088 | 93 151 | 93 214 | 93 276 | 9 | 138.6 
19 | 92750] 92 813] 92 876] 92 939 | 9:: 002 | 93 065 | 93 127 
20 | 92 G01} 92 664) 92 727] 92 790 | 92 853] 92 916 | 92979] | ME 
21 | 92 453] 92 516) 92 579] 92 642 | 92 705 | 92 768 | 92 830| 5| 996 
2 | 92 305] 92 368] 92 431] 92 494 | 92 557 | 92 620 | 92 682] 3] 44-4 
23 | 92 158] 92 221] 92 284] 92 347 | 92 410 | 92 473 | 92 535] 4) 59-4 
24 | 92011] 92.074] 92 137] 92 200 | 92 263 | 92 326 | 92 388| @| gsis 
See OS SS SN AA WR ES HS 9 | 
3.2 
25 | 91865] 91 928) 91 991 92 054 | 92 117 | 92 180 | 92 242 | 2) 
24 191719] 91 782) 91 845] 91 908 | 91.971 | 92 034 | 92 096 
27 | 91574] 91 637] 91 700] 91 763 | 91 826 | 91 889 | 91 951 
28 |91 429] 91 492] 91 555] 91 618 | 91 681 | 91 744/91 806] 442 
29 | 91 285] 91 348] 91 414) 91 474 | 91 537 | 91 GUO | 91 G62] 1) 14.2 
Ser open owe Reve Yee moe Soper meee LE 
4 ; 
30 | 94 142/94 205] 91 268] 91 331 | 91 394] 91 456] 91 519 | 5] 71-5 
34 | 90999] 94 061] 91 125] 91 188 | 91 254 | 91 313] 91 376] 3] 974 
32 | 90856] 90 919] 90 982] 91 045 | 91 108 | 91 170] 9f 233] 8] 113-6 
33 |90714| 90777| 90 840] 90 903 | 90 966 | 91 028 | 91 091 | 91 127-8 
SE SS ee | eee A ee es eee 


90 572 


90 635 


90 698 


90 764 


90 824 


90 886 


90 949 
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Table 16 (continued) 


Tem- Corrected barometer reading Po, mm Hg 
pera- Propor- 


ture, tional 


°C 695 | 696 697 698 699 | 700 | 701 parts 


Logarithm of multiplier F 


5 195 328] 95 390] 95 452) 95 514 | 95 577 | 95 639 | 95 701 
6 |95 172] 95 234] 95 296] 95 358 | 95 421 | 95 483 | 95 945 
7 195 015] 95 078] 95 140] 95 203 | 95 265 | 95 327 | 95 389 
8 
9 


94 8611 94 9231 94 986| 95 048 | 95 110 | 95 172 | 95 234 62 
94 706] 94 768] 94 831] 94 893 | 94 955 | 95 017) 95079] 1) 8-2 
3] 18.6 
4 24.8 
10 | 94552] 94.614] 94 677] 94 739 | 94 801 | 94 863 | 94.925 | 2] 31-9 
11 | 94 399] 94 461] 94 524| 94 585 | 94 648 | 94 710 | 94772] 7] 4374 
12 | 94 246] 94 308] 94 370| 94 432 | 94 495 | 94 557 | 94 619 | 8) 49.6 


13 |94093| 94 155] 94 218] 94 280 | 94 342 | 94 404 | 94 466 
14 | 939411 94 003] 94 066] 94 128 | 94 190 | 94 252 | 94 314 


15 93 790| 93 852] 93 915] 93 977 | 94 039 | 94 101 | 94 163 
16 93 639] 93 701] 93 764| 93 826 93 888 93 950 | 94 012 
17. | 93 489] 93 5511 93 614] 93 676 93 738 | 93 800 | 93 862 451 
18 93 339| 93 401] 93 464| 93 526 193 588 | 93 650 | 93 712] 4) 45.4 
19 | 93 190] 93 252| 93 315| 93 377 | 93 439 | 93 501 | 93 563 | 2) 30-2 
41 60.4 
SS ta a ane on a 
93 044] 93 103] 93 166] 93 998 | 93 290 | 93 352 | 93 444 71105.4 
92 893 92, 955] 93 018] 93 080 | 93 142 | 93 204 | 93 266 | 8] 120.8 
92 745} 92 807] 92 870) 92 932 | 92 994 | 93 056 | 93 118 | 91 135.9 


92 5981 92 GGO| 92 723] 92 785 | 92 847 | 92 909 | 92 975 
92 451| 92 513] 92576| 92 638 | 92 700 | 92 762 | 92 824 


Pa PUD OUND ES 


25 | 92 305] 92 367| 92 430] 92 492 | 92 554 | 92 616 | 92 678 
26 | 92 159] 92 221] 92 284] 92 346 | 92 408 | 92 470 | 92 532 445 


Lew) 
=O 


97 |92.014| 92076} 92 139] 92 201 | 92 263 | 92 325 | 92 387| ,, 44.5 
98 191869191 931| 91 994| 92 056 | 92 118 | 92 180 | 92 242 | 2] 29:0 
29 | 91 725] 91 787] 91 850] 91 942 | 91 974 | 92 036 | 92 098 | 3) 43-5 

51 72.5 

6 87.0 
30 |94581| 94 644] 91 706] 91 769 | 91 831 | 91 893 | 91 955 | 2 a 
31 | 941 438] 91 501] 91 563] 91 626 | 91 688 | 91 750 | 91 812 | 9] 130;5 


32 | 91 295] 91 358] 91 420] 91 483 | 91 545 | 91 607 | 91 669 
33 | 91 153] 91 216] 91 278] 91 344 | 91 403 | 91 465 | 91 527 
34 | 91011] 94 074) 91 136) 91 199 | 914 261 | 91 323 | 91 385 


Table 16 (continued) 


Corrected barometer reading Po, nm Hg 


703 704 


705 


706 


707 | 708 


Logarithm of multiplier / 


95 763] 95 825] 95 886 
95 606] 95 668) 95 730 
95 491) 95 513] 95 574 
95 296] 95 358) 95 419 
95 141] 95 203] 95 265 


95 049] 95 111 
94 896) 94 957 
94 743] 94 804 
94 590] 94 652 
94 438] 94 500 


94 987 
94 834 
94 6814 
94 528 
94 376 


94 287) 94 349 
94 136) 94 198 
93 986] 94 048 
93 836] 93 898 
93 687] 93 749 


94 225 
9.4 074 
93 924 
93 774 
93 625 


93 476 
93 328 
93 180 
93 033 
92 886 


93 538] 93 600 
93 390] 93 452 
93 242] 93 304 
93 095] 93 157 
92 948} 93 010 


92 740 
92 594 
92 449 
92 304 
92 160 


92 8021 92 864 
92 656] 92 718 
92 511) 92 573 
92 366) 92 428 
92 222) 92 284 


92 017) 92 079} 92 140 
91 874) 91 936} 91 997 
914 731) 91 793) 91 854 
91 589} 91 651] 91 712 


91 447] 91 509} 91 570 


95 948 
95 792 
95 636 
99 481 
95 327 


95 173 
95 019 
94 866 
94 718 
94 562 


94 411 
94 260 
94 110 
93 960 
93 811 


93 662 
93 514 
93 366 
93 219 
93 072 


92 926 
92 780 
92 635 
92 490 
92 346 


92 202 
92 059 
91 916 
91 774 
91 632 


ES | | | AS | 


96 009 
99 859 
95 698 
99 9043 
95 388 


95 234 
95 080) 
94 927 
94 775 
94 623 


94 472 
94 321 
94 171 
94 O21 
93 872 


93 723 
93 575 
93 427 
93 280 
93 183 


92 987 
92 841 
92 696 
92 dol 
92 407 


92 263 
92 120 
91 977 
91 835 
91 693 


ES | aS | | 


96 071 
95 915 
95 759 
95 604 
95 450 


95 296 
95 142 
94 989 
94 837 
94 685 


94 534 
94 383 
94 233 
94 083 
93 934 


93 785 
93 637 
93 489 
93 342 
93 195 


93 049 
92 903 
92 759 
92 613 
92 469 


92 325 
92 182 
92 039 
91 897 
91 755 


ED | RS | | eee | ements 


96 132 
95 976 
99 820 
95 G65 
95 511 


95 357 
99 203 
Jo 050 
94 898 
94 746 


94 595 
94 444 
94 294 
94 144 
93 995 


93 846 
93 698 
93 550 
93 403 
93 256 


93 1410 
92 964 
92 819 
92 674 
92 530 


92 386 
92 243 
92 100 
91 958 
91 816 


Propor- 
tional 
parts 
62 
j 8 
2 i2 
3 {8 
“4 24 
5 3f 
6 37 
7 43 
8 49 
3] 95 
154 
| 15 
2 30 
3 46. 
4 O21. 
5 17. 
6 G2; 
71107. 
8} 123. 
91/4138. 
148 
{ 14 
2 29 
3 Ah 
4 09 
5 TA 
6 88 
7/103 
81118 
9} 133 
142 
f 14 
2 28 
3 42 
4 56 
5 Ti 
) 85 
7 99 
8/113 
9 | 127 


Wrcxrecnr’ aq Oncr ono. CarwPponmDmrrr 


DOMmrnOoxrtoamn 
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Table 16 (continued) 


Saree Corrected barometer reading Pp, mm Hg pope 
ture, tional 
°C 709 | 710 714 712 713 114 | 745 parts 
Logarithm of multiplier F 
5 196 194! 96 255] 96 316] 96 377 | 96 438 | 96 499 | 96 560 
6 1960381 96 099] 96 160] 96 221 | 96 282 | 96 343 | 96 404 
7 |95 882] 95 943] 96 004] 96 065 | 96 126 | 96 187 | 96 248 
8 |95727| 95 788] 95 849] 95 910 | 95 971 | 96 032 | 96 093 61 
9 | 95572] 95 633) 95 694] 95 755 | 95 816 | 95 877 | 95 938 1 O34 
Se Meee, | Ome ere, Pe eee eee en mes 18.3 
s) 38:3 
40 | 95 418] 95 479] 95 540] 95 601 95 662 | 95 723 | 95 784 8 
14 | 95 2651 95 326] 95 387| 95 448 | 95 509 | 95 570| 95 631 7] 42:7 
42 195 142] 95 173! 95 234] 95 295 95 356 | 95 417 | 95 478 : +e 
43 | 94959] 95 020] 95 082] 95 143 | 95 204 | 95 264 | 95 325 . 
144 |94 807] 94 868] 94 930] 94 994 95 052 | 95 412 | 95 173 
7s [i [ec So oo nnn nee 
15 |94656| 94 717| 94 778] 94 839 | 94 900 | 94 961 | 95 022 
46 |94505| 94 566] 94 627] 94 688 94 749 | 94 810 | 94 871 
17 | 94 355| 94 416| 94 478| 94 538 | 94 599 | 94 660 | 94721) 454 
18 |94205| 94 266] 94 327] 94 388 | 94 449 945101945714] 4) 15.4 
19 194056] 94 117| 94 178] 94 239 | 94 300 94 361 | 94 422 2 30.2 
— tT ay 8004 
5) 38:3 
20 | 93907] 93 968] 94 029] 94 090 | 94 154 94 212 | 94 273 | 2 | 49577 
21 3 739 93 820] 93 881] 93 942 | 94 003 94 064 | 94 125) 8] 120.8 
22 |193644| 93 672| 93 734) 93 799 | 93 856 | 93 916 | 93 977 | 91135.9 
93 | 93 .464| 93 525| 93 586] 93 648 | 93 709 93 769 | 93 830 
94 | 93347] 93 378) 93 440} 93 501 | 93 562 | 93 622 | 93 683 
25 1931741 93 232] 93 294] 93 355 | 93 416 93 476 | 93 537 
26 | 93.025] 93 086} 93 148} 93 209 | 93 270 | 93 330 | 93 391 145 
27 |92.880| 92 941] 93 003] 93 064 | 93 125 | 93 185 | 93 246 | 4 "44.5 
298 | 92735] 92 796] 92 858] 92 919 | 92 980 | 93 040 |93 101 | 2] 299.0 
29 | 92591] 92 652| 92 713] 92 774 | 92 835 92 896 | 92 957 : er 
eS RS es eS ny 72.5 
6| 87.0 
30 | 92 448] 92 509] 92.570] 92 631 | 92 692 | 92 753 | 92 814 | 2 ie: 
31 | 92 305] 92 366] 92 427| 92 488 | 92 549 | 92 610 | 92 671 | 9] 130.5 


32 | 92 162] 92 223] 92 284] -92 345 | 92 406 | 92 467 | 92 528 
33 | 92 020] 92 081] 92 142] 92 203 | 92 264 | 92 325 | 92 386 
34 | 94 878] 91 939] 92 000] 92 064 | 92 122 | 92 183 | 92 244 


10—1845 
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Tem- 


Corrected barometer reading P97, mm Hg 


Table 16 (continued) 


feo 
pera- "lonel 
°c’ | 6716 | 717 | 718 7419 720 724 | 722 parts 
Logarithm of multiplier F 
5 | 96 620] 96 680] 96 744] 96 802 | 96 862 | 96 922 | 96 983 61 
6 | 96 464} 96 525) 96 585] 96 646 | 96 706 | 96 767 | 96 827| 1| ,8-3 
7 | 96 308} 96 369} 96 429] 96 490 | 96 500 | 96 611] 96.671 | 2| 42:4 
8 | 96 153] 96 214] 96 274] 96 335 | 96 395 | 96 456196516] 4| 24.4 
9 | 95999] 96 060] 96 120] 96 181 | 96 244 | 96 304 | 96 364 B20 
7| 42.7 
8 48.8 
fodis Wopiess laser Saas ate les aesllaac laa 95 845] 95 906| 95 966] 96 027 | 96 087 | 96 147 | 96 207 | 9! 54: 
14 | 95 694] 95 752] 95 812! 95 873 | 95 933 | 95 994 | 96 054 
12 | 95 538] 95 599] 95 659| 95 720 | 95 780 | 95 844 | 95 904 
13 | 95 386) 95 447) 95 507] 95 568 | 95 628 | 95 688/95 748| 45, 
14 | 95 234) 95 295) 95 355] 95 416 | 95 476 | 95536 | 95596 | ., 45.4 
.8 
15 | 95 083] 95 144] 95 204] 95 265 | 95 325 | 95 385 | 95 445 ase cea) cone 77.0 
16 | 94 932] 94 993] 95 053] 95 114 | 95 174 | 95 234 | 95 394 | 6 ee 
17 | 94 782) 94 843) 94 903] 94 964 | 95 024 | 95 084] 95 144] 2| 192-5 
18 | 94 632} 94 693] 94 753] 94 814 | 94 874 | 94 934 | 94 9941 9] 138.6 
19 | 94 483] 94 544] 94 604! 94 665 | 94 725 | 94 785 | 94 845 
- 20 {9% 334] 04395] 9445594 510 | 04 576 | 94 636 | ox 696 94 395) 94 455) 94 546 | 94 576 | 94 636 | 94696] 148 
24 | 94 186) 94 247) 94 307] 94 368 | 94 428 | 94 488 | 94.548 | 4] 1376 
22 | 94 038] 94 099} 94 159] 94 290 | 94 280 | 94 340 | 94 400| 3] 44.4 
23 | 93 891} 93 952) 94 012) 94 073 | 94 133 | 94 193 | 94 253 | 4| 59-2 
24 | 93 744) 93 805] 93 865] 93 926 | 93 986 | 94 046 | 94 106 | 2| 24°8 
3.6 
S lateanio e 
25 |93 598/93 659] 93 719] 93 780 | 93 840 | 93 9001 93 960] 2? 
26 | 93 452| 93 513] 93573] 93 634 | 93 694 | 93 754 | 93 814 
27 | 93 307] 93 368] 93 428] 93 489 | 93 549 | 93 609 | 93 669 
28 | 93 162] 93 223] 93 288] 93 344 | 93 404 | 93 464| 93524] 440 
29 | 93.018] 93 079] 93 139] 93 199 | 93 259 | 93 320 | 93 380 | 1 14.2 
21 fo 18 
4 56.8 
30 | 92 874| 92 935] 92 995] 93 056 | 93 146 | 93 177 | 93 237 | 5| 71-9 
31 | 92731] 92 792) 92 852) 92 913 | 92 973 | 93 034 | 93.094 | $| 83-2 
32 192588| 92 649] 92 709] 92 770 | 92 830 | 92 891 | 92 951] 81 113.6 
33 | 92 446| 92 507| 92 567| 92 628 | 92 688 | 92 749 | 92 809 | 9] 127-8 
34 192 304| 92 365| 92 425| 92 486 | 92 546 | 92 607 | 92 667 
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Table 16 (continued) 


re Corrected barometer reading P97, mm Hg Propor- 
ture tional 
°c | «723 | 724 | 725 | 726 727 | 728 | 729 parts 
Logarithm of multiplier F 
5 197 043] 97 103] 97 163] 97 223 | 97 283 | 97 342 | 97 402 
6 | 96 887| 96 947] 97 007) 97 067 | 97 127 | 97 186 | 97 246 
7 |96 734] 96 791} 96 854) 96 914 | 96 971 | 97 030 | 97 090 
8 | 96 576] 96 636] 96 696| 96 756 | 96 816 | 96 875 | 96 935 60 
9 |96 424] 96 481] 96 541] 96 601 | 96 661 | 96 721 | 96 781 ; te 
3] 18.0 
4} 24.0 
10 |96 267] 96 327| 96 387| 96 447 | 96 507 | 96 567 | 96 637] 2} 32-5 
44 |96 114! 96 174] 96 234] 96 294 | 96 354 | 96 413 | 96 473 | 7) 42.0 
12 | 95964] 96 024] 96 081] 96 141 | 96 201 | 96 260 | 96 320 . are 


13 | 95 808] 95 868] 95 928] 95 988 | 96 048 | 96 108 | 96 168 
14 | 95 656! 95 716] 95 776] 95 836 | 95 896 | 95 956 | 96 016 


15 | 95505] 95 565] 95 625] 95 685 | 95 475 | 95 805 | 95 865 
16 | 95 354] 95 414] 95 474] 95 534 | 95 594 | 95 654 | 95 714 
17. | 95 204] 95 264] 95 324] 95 384 | 95 444 | 95 514 | 95 564 
18 | 95054] 95 114] 95 174] 95 234 | 95 294 | 95 354 | 95 414 
19 | 94 905] 94 965) 95 025} 95 085 | 95 145 | 95 205 | 95 265 


_— 
oy | 
en 


20 | 94756] 94 816] 94 876] 94 936 | 94 996 | 95 056 | 95 116 
21 | 94 608] 94 668] 94 728] 94 788 | 94 848 | 94 908 | 94 968 
22 |94 460] 94 520] 94 580] 94 640 | 94 700 | 94 760 | 94 820 
23 | 94 313] 94 373] 94 433] 94 493 | 94 553 | 94 613 | 94 673 
24 | 94 166] 94 226] 94 286] 94 346 | 94 406 | 94 466 | 94 526 


OO 16 Oe Co ho 
WhO O14 & Ge 
KHoaTononrou 
CD G0 16> Of Go DS ee 


b= fab Doh 


94 260 | 94 320 | 94 380 
94114] 94174|94234| 445 
93 969 | 94 029 | 94 089 

93 824 | 93 885 | 93 944 
93 680 | 93 740 | 93 800 


25 | 94020] 94 080} 94 140} 94 200 
26 | 93 874] 93 934] 93 994] 94 054 
27 | 93 729} 93 789} 93 849] 93 909 
28 | 93 584/ 93 644! 93 704] 93 764 
29 | 93 440] 93 500] 93 569] 93 620 


eer 


93 536 | 93 596 | 93 656 
93 393 | 93 453 | 93 513 
93 250 | 93 310 | 93 370 
93 108 | 93 168 | 93 228 
92 966 | 93 026 | 93 086 


30 | 93 297! 93 357] 93 417] 93 477 
31 | 93 154] 93 214] 93 274] 93 334 
32 | 93 041] 93 074] 93 134] 93 194 
33 | 92 869] 92 929] 92 989] 93 049 
34 | 92 727| 92 787] 92 847] 92 907 


© 009102 01 & 6 fo 
oo O00) Ol & Por 
OO NM wWWOe 
Nomocnowocn 


dele Pat, pede 
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able 16 (continued) 


93 145} 93 205] 93 264 


porae Corrected barometer reading P97, mm Hg Propor- 
ture, af. ce ee. : = tional 
°C 7130 | 7314 | 7132 733 734 735 | 736 parts 
Logarithm of multiplier F 
5 |97 461] 97 521/97 580] 97 640 | 97 699 | 97 758 | 97 817 59 
6 | 97 305] 97 365] 97 424) 97 484 | 97 543 | 97 602 | 97 661] 1] ,5-2 
7 | 97 149] 97 209] 97 268] 97 328 | 97 387] 97 446] 97505| 2] 1777 
8 | 96 994] 97 054] 97 113] 97 173 | 97 232 | 97 291197 350| 4] 23.6 
9 | 96 840] 96 899] 96 958] 97 018 | 97 077 | 97 136 | 97 195 5) ee 
oe Nee A, |e 7 41.3 
8 47.2 
10 | 96 686] 96 745] 96 804] 96 864 | 96 923 | 96 982197041 | 29! 53-1 
11 | 96 532] 96 592] 96 654| 96 711 | 96 770 | 96 829 | 96 888 
12 | 96 379] 96 439] 96 498] 96 558 | 96 617 | 96 676 | 96 735 
13 | 96 227/ 96 287| 96 346) 96 406 | 96 465 | 96 524/96 583] 45, 
14 | 96 075) 96 135] 96 194] 96 253 | 96 312 | 96 374 | 96 430| ,, 45.4 
0.8 
16.2 
15 | 95 924] 95 984] 96 043] 96 102 | 96 161 | 96 220] 96 279 | ¢| 47.0 
16 | 95 773] 95 833) 95 892) 95 954 | 96 010 | 96 069 | 96 128 | 8| , 92-4 
17 | 95 623} 95 683] 95 742] 95 801 | 95 860 | 95 919 | 95 978 | 2| 193°5 
48 | 95 473] 95 533] 95 592] 95 651 | 95 710 | 95 769.| 95 828] 9| 138.8 
19 | 95 324] 95 384! 95 443] 95 502 | 95 561 | 95 620 | 95 679 
20 | 95 175] 95 235] 95 294] 95 353 | 95 442 | 95 471 | 95 530 oy P 
24 | 95 027] 95 086] 95 145] 95 205 | 95 264 | 95 323] 95 382] 3| 35.6 
22 | 94879] 94 939] 94 998] 95 057 | 95 116 | 95 175 | 9523413] 44.4 
23 | 94 732) 94 791] 94 850] 94 910 | 94 969 | 95 028 | 95 087 | 4} 59-2 
24 | 94585] 94 645| 94 704] 94 763 | 94 822 | 94 881} 94940] 5| fais 
3.8 
SHES 
25 |94:439| 94 498] 94557] 94 617 | 94 676 | 94 735 | 94 794] °° 1°" 
26 |94 293] 94 353] 94 412] 94 471 | 94 530 | 94 589 | 94 648 
27 | 94 148] 94 208] 94 267| 94 336 | 94 385 | 94 444 | 94 503 
28 |94003] 94 063| 94 122] 94 181 | 94 240 | 94 299194 358| 442 
29 | 93 859/ 93 918) 93 977) 94 037 | 94 096 | 94 155 | 94 214] 1) 14-2 
7 42.6 
4 56.8 
30 | 93 715] 93 775] 93 834] 93 893 | 93 953 | 94 012 | 94.071 | 5] 71-8 
31 | 93572] 93 632] 93 694] 93 750 | 93 810 | 93 869} 93 928 | 2] $374 
32 | 93 429] 93 489] 93 548] 93 607 | 93 667 | 93 726 | 93 785| 8| 113.6 
33 | 93 287] 93 347| 93 406| 93 465 | 93 525 | 93 584 | 93 643 | 91 127-8 
93 323 | 93 383 | 93 442 | 93 501 
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Table 16 (continued) 


Tem- Corrected barometer reading P97, mm Hg 
pera- Propor- 
ture, tional 
°C 7137 | 738 | 739 740 | 741 | 742 | 743 parts 
Logarithm of multiplier F 
5 |97 876197 935] 97 994] 98 052 | 98 111 | 98 170 | 98 222 
6 | 97720) 97 779] 97 838] 97 896 | 97 955 | 98 013 | 98 078 
7 |97564| 97 623| 97 682] 97 740 | 97 799 | 97 857 | 97 916 
8 |97 409] 97 468] 97 527] 97 585 | 97 644 | 97 702 | 97 764 59 
9 |97254| 97 313] 97 372) 97 434 | 97 490 | 97 548 | 97 607 | 1) ,5-8 
es es 3 17.7 
4|/ 23.6 
10 |97 400] 97 159| 97 218] 97 277 | 97 336 | 97 394 | 97 453 | 8} 28-5 
41 |96 947] 97 006] 97 065] 97 123 | 97 182 | 97 240 | 97 299| 7| 41:3 
12 196 794| 96 853] 96 912] 96 970 | 97 029 | 97 087 | 97 146 | 8] 47.2 
13 |96 6421 96 704 96 760] 96 818 | 96 877 | 96 935 | 96 994| 9! 53-1 
44 | 96 489] 96 548] 96 607| 96 666 | 96 725 | 96 783 | 96 842 
eee eee CRREe! Sree en oe 
45 | 96 3381 96 397| 96 456| 96 515 | 96 574 | 96 632 | 96 694 
16 | 96 187| 96 246] 96 305| 96 364 | 96 423 | 96 481 | 96 540 
47 196037] 96 096] 96 155] 96 214 | 96 273 | 96 331 | 96 390) 454 
48 | 95 8871 95 946] 96 005] 96 064 | 96 123 | 96 181 | 96 240] 4) 415.4 
19 | 95.738) 95 797| 95 856] 95 915 | 95 974 | 96 032 | 96 091) 2) 30.2 
4| 60.4 
AR 
20 195.589] 95 648| 95 707| 95 766 | 95 825 | 95 883 | 95 942 
ot | 95 4411 95 5001 95 559} 95 618 | 95 677 | 95 735 | 95 794 | 8] 120-4 
99 195993] 95 352] 95 414] 95 470 | 95 529 | 95 587 | 95 646 | 9! 135.9 
93 195 146] 95 205] 95 264| 95 323 | 95 382 | 95 440 | 95 499 
94 194999] 95 058] 95 117| 95 176 | 95 235 | 95 293 | 95 352 
pelea UN sa ee elie ee 
25 |94753| 94912] 94971| 95°030 | 95 089 | 95 147 | 95 206 
26 |94707| 94 766] 94 825] 94 884 | 94 943 | 95 001 | 95060] 4, 
27 194562] 94 621| 94 680] 94 739 | 94 798 | 94 856 | 94 915] 4) 4,5 
28 194 417| 94 476| 94.535| 94 594 | 94 653 | 94 711 | 94770! 2] 29:0 
29 | 94273] 94 332] 94 391] 94 449 | 94 508 | 94 567 | 94 626 | 3] 43.5 
st a | TS 
6/ 87.0 
30 | 94 130| 94 189] 94 247] 94 306 | 94 365 | 94 423 | 94 482} 3) 1933 
31 | 93 987] 94 046] 94 104] 94 163 | 94 222 | 94 280 | 94 339 | 91 130:5 
32 | 93 844] 93 903] 93 961] 94 020 | 94 079 | 94 137 | 94 196 
33 | 93 702] 93 761| 93 819] 93 878 | 93 937 | 93 995 | 94 054 
34 |93 560] 93 619] 93 677| 93 736 | 93 795.| 93 853 | 93 912 
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Table 16 (continued) 


a Corrected barometer reading Pop, mm Hg Propor- 
tional 


744 | 745 | 746 747 748 749 | 150 parts 


Logarithm of multiplier F 


9 | 98 286] 98 345] 98 403] 98 461 | 98 519 | 98 577 | 98 635 
6 | 98 130} 98 189] 98 247] 98 305 | 98 363 | 98 421 | 98 479 
7 | 97 974! 98 033] 98 091] 98 149 | 98 207 | 98 265 | 98 323 
8 |97 819) 97 878] 97 936] 97 994 | 98 052 | 98 110 | 98 168 
9 | 97 665] 97 724] 97 781] 97 839 | 97 898 | 97 956 | 98 013 


qn 
ee) 


waAaGCr Owe. oI 
Sat or ko shaw orks e) 


OO~ IO ond Go ho ee 
od & 6) DOD = = 


10 | 97 514] 97 569] 97 627] 97 686 | 97 744 | 97 802 | 97 859 
{1 | 97 357] 97 416) 97 474] 97 532 | 97 590 | 97 648 | 97 706 
12 | 97 204] 97 263] 97 324] 97 379 | 97 437 | 97 495 | 97 553 
13 | 97 052] 97 110] 97 168] 97 227 | 97 285 | 97 343 | 97 404 454 


14 | 96 900/ 96 959} 97 017] 97 075 | 97 133 | 97 191 | 97 249 | 4) “45.4 
30.8 

———} | a) its 
15 | 96 749] 96 807] 96 865| 96 924 | 96 982 | 97 040 | 97 098 | 8] 77-9 
16 | 96 598) 96 656) 96 714] 96 773 | 96 834 | 96 889 | 96 947 | 8 | ,22-3 
17 | 96 448/ 96 506) 96 564] 96 622 | 96 680 | 96 738 | 96 796 | 3] 423.2 
18 | 96 298] 96 356] 96 414] 96 472 | 96 530 | 96 588 | 96 646 | 9] 138.6 


19 | 96 149] 96 207] 96 265] 96 323 | 96 381 | 96 439 | 96 497 


20 | 96 000} 96 058} 96 116} 96 174 | 96 232 | 96 290 | 96 348 ey 


21 | 95 852] 95 910] 95 968] 96 026 | 96 034 | 96 142 | 96 200] 4 1 
22 | 95705] 95 763] 95 824] 95 879 | 95 937195 995196 0531 3| 44-4 
23 | 95 558] 95 616) 95 674| 95 732 | 95 790 | 95 848 | 95 906 | 4 po 
24 |95 411] 95 469] 95 527] 95 585 | 95 643 | 95 701 | 95 759 | > 88.8 
Apt 
9| 133.2 


29 | 95 264] 95 322) 95 380] 95 439 | 95 497 | 95 555 | 95 613 
26 | 95 118} 95 176] 95 234] 95 293 | 95 351 | 95 409 | 95 467 
27 | 94973) 95 031] 95 089} 95 148 | 95 206 | 95 264 | 95 322 
28 | 94 828) 94 886/ 94 944] 95 003 | 95 064 | 95 119 | 95 177 442 


29 | 94 684) 94 742) 94 800] 94 858 | 94 916 | 94 974 | 95 032 | 4 1 4 = 
| 
4 : 
30 | 94 540} 94 599} 94 657) 94 715 | 94 773 | 94 831 | 94 889 | 5 oe 
31 | 94 397) 94 456) 94 514] 94 572 | 94 630 | 94 688 | 94 746 : 99.4 
32 | 94 254] 94 313] 94 371] 94 429 | 94 487 | 94 545 | 94 603 | g] 113.6 
33 |94 112] 94 171] 94 229] 94 287 | 94 345 | 94 403 | 94 461 | 91 127-8 


34 | 93970] 94 029} 94 087) 94 145 | 94 203 | 94 261 | 94 319 
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Table 16 (continued) 


Tem- Corrected barometer reading P97, mm Hg 
pera- Propor- 
ture, tional 
°C 751 | 752 | 753 754 755 | 756 | 757 parts 
Logarithm of multiplier 7 
5 | 98 693] 98 754] 98 809] 98 866 | 98 924 | 98 984 | 99 039 
6 |98537| 98 595| 98 653] 98 710 | 98 768 | 98 825 | 98 883 
7 |98 384] 98 439] 98 497] 98 554 | 98 612 | 98 669 | 98 727 
8 | 98 226] 98 284] 98 342) 98 399 | 98 457 | 98 514 | 98 572 58 
9 | 98071] 98 129] 98 187| 98 244 | 98 302 | 98 360 | 98 417 ; ee 
3] 17.4 
4] 23.2 
10 |97 917197 975] 98.033] 98 090 | 98 148 | 98 206 | 98 263] &| 22:3 
44. |97 764! 97 822| 97 880] 97 937 | 97 995 | 98 052 | 98 110} 7] 40.6 
42 |97 6441 97 669] 97 727| 97 784 | 97 842 | 97 899 | 97 957 : aoe 
43. | 97 459197 516] 97 574] 97 632 | 97 690 | 97 747 | 97 805 ; 
44 197307] 97 364| 97 422] 97 480 | 97 538 | 97 595 | 97 653 


15 | 97 156] 97 213] 97 274] 97 329 | 97 387 | 97 444 | 97 901 
16 | 97 005] 97 062] 97 120] 97 178 | 97 236 | 97 293 | 97 350 
17 | 96 854] 96 912] 96 970] 97 028 | 97 086 | 97 143 | 97 200) 154 
18 | 96 704] 96 762] 96 820) 96 878 | 96 936 | 96 993 | 97 050} 1) 15-3 
19 | 96 555] 96 613] 96 671] 96 729 | 96 787 | 96 844 | 96 901 | 2) 32-3 
0.4 
SF Gear Seel eSres peepee peasens pompern oneseea 102 
20 | 96 406) 96 464] 96 522| 96 580 | 96 638 | 96 695 | 96 752 | 7] 105-7 
21 | 96 258] 96 316] 96 374] 96 432 | 96 490 | 96 547 | 96 604 | 8 | 120.8 
22 196 114| 96 168] 96 226| 96 284 | 96 342 | 96 399 | 96 456 | 9! 139. 
23 | 95 964] 96 021] 96 079] 96 137 | 96 195 | 96 252 | 96 309 
24 | 95 817| 95 874| 95 932] 95 990 | 96 048 | 96 105 | 96 162 
ce a eM Sc a 
25 | 95 671] 95 728] 95 786] 95 844 | 95 902 | 95 959 | 96 016 
26 | 95 525] 95 582| 95 640] 95 698 | 95 756 | 95 813} 95 870 | 445 
27 | 95 380] 95 437] 95 495] 95 553 | 95 641 | 95 668 | 95 725 | 4) 14.5 
28 | 95 235] 95 292] 95 350] 95 408 | 95 466 | 95 523 | 95 580] 2) 29.0 
29 | 95.090] 95 148] 95 206] 95 263 | 95 321 | 95 378 | 95 436 | 3] 23:5 
72.5 
rie Rees Caves Sones pscaey eae ovieany ames | (FS 
30 | 94 947| 95 005] 95 062) 95 120 | 95 178 | 95 235 | 95 293 | 3] 146.0 
31 | 94 804| 94 862] 94 919] 94 977 | 95 035 | 95 092 | 95 150 | 9| 130-5 


32 | 94 661] 94 719] 94 776] 94 834 | 94 892 | 94 949 | 95 007 
33 | 94 519] 94 577| 94 634] 94 692 | 94 750 | 94 807 | 94 865 
34 | 94 377) 94 435] 94 492) 94 550 | 94 608 | 94 665 | 94 723 


ee ee ee 
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Tem- 

pera- 

ture, 
°C 
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Table 16 (continued) 


Corrected barometer reading P97, mm Hg 


758 | 759 | 760 


761 | 762 


Logarithm of multiplier F 


99 267 
99 111 
98 956 
98 801 
98 646 


99 096] 99 153] 99 210 
98 940} 98 997) 99 054 
98 784] 98 841] 98 898 
98 629] 98 636] 98 743 
98 474] 98 531] 98 589 


98 492 
98 338 
98 185 
98 033 
97 881 


98 320| 98 377| 98 435 
98 167| 98 224] 98 281 
98 014| 98 071| 98 128 
97 862| 97 919] 97 976 
97 710) 97 767] 97 824 


EE 


97 730 
97 9579 
97 429 
97 279 
97 130 


97 558] 97 615] 97 683 
97 407| 97 464} 97 522 
97 257) 97 315] 97 372 
97 107) 97 165] 97 222 
96 958] 97 016; 97 083 


SS 


96 981 
96 833 
96 685 
96 538 
96 394 


96 809) 96 867) 96 924 
96 661] 96 719] 96 776 
96 513) 96 571] 96 628 
96 366] 96 424] 96 481 
96 219} 96 277) 96 334 


SS 


96 073] 96 131] 96 188] 96 245 
95 927] 95 985} 96 042) 96 099 
95 782] 95 840} 95 897} 95 904 
95 637] 95 695} 95 752) 95 809 
95 493] 95 554] 95 608] 95 665 


95 350} 95 407] 95 464] 95 524 
95 207] 95 264] 95 321) 95 378 
95 064] 95 121] 95 178} 95 235 
94 922) 94 979) 95 036} 95 093 
94 780] 94 837| 94 894] 94 951 


$F SSS 


ee | eS 


99 324 
99 168 
99 013 
98 858 
98 703 


98 549 
98 395 
98 242 
98 090 
97 938 


97 787 
97 636 
97 486 
97 336 
97 187 


97 038 
96 890 
96 742 
96 599 
96 448 


96 302 
96 156 
96 O11 
95 866 
95 722 


95 978 
95 435 
95 292 
95 150 
95 008 


a Go SRS] SS as SS SSS 


99 381 
99 225 
99 070 
98 915 
98 760 


98 606 
98 452 
98 299 
98 147 
97 995 


97 844 
97 693 
97 543 
97 393 
97 244 


97 095 
96 947 
96 799 
96 652 
96 505 


96 359 
96 213 
96 068 
95 923 
95 779 


95 635 
95 492 
95 349 
95 207 
95 065 


763 | 764 


mr fc mar res nr rn rr errr fe a A PE TTS 


99 438 
99 282 
99 126 
98 971 
98 817 


98 663 
98 509 
98 356 
98 204 
98 052 


97 901 
97 750 
97 600 
97 450 
97 301 


97 152 
97 004 
96 856 
96 709 
96 562 


96 416 
96 270 
96 125 
95 980 
95 836 


95 692 
95 949 
95 406 
95 264 
95 122 


Propor- 


tional] 
parts 
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Table 16 (continued) 


Tem- Corrected barometer reading P97, mm Hg 
pera- Propor- 
tional 


ture, 
° 7170 | 771 parts 


C 765 | 766 769 


768 


767 


Logarithm of multiplier F 
99 495] 99 552] 99 609| 99 665 | 99 722 | 99 778 | 99 834 


5 

6 | 99339] 99 396] 99 453] 99 509 | 99 566 | 99 622 | 99 678 

7 199 183] 99 240] 99 297] 99 353 | 99 410 | 99 466 | 99 523 

8 |99 028] 99 085) 99 142) 99 198 | 99 255 | 99 314 | 99 368 56 

9 |98874] 98 930| 98 987| 99 043 | 99 100 | 99 156 | 99 213} 1] |5-8 
31 16.8 
4 22.4 

40 198720! 98 776] 98 833] 98 889 | 98 946 | 99 002 | 99 059 2 ae 

11 |98566| 98 623] 98 680} 98 736 | 98 793 | 98 849 | 98 906 | 7| 39.2 

12. 198 413] 98 470| 98 527] 98 583 | 98 640 | 98 696 | 98 753} 8} 44.8 

13 | 98 261] 98 317| 98 374| 98 434 | 98 488 | 98 544 | 98 600 9{ 50.4 

14 198 109] 98 165| 98 222| 98 279 | 98 336 | 98 392 | 98 448 


15 | 979581 98.014 98 074| 98 128 | 98 185 | 98 241 | 98 297 
16 |97807| 97.863) 97 920| 97 977 | 98 034 | 98 090 | 98 146 
17 |97 657| 97 743] 97 770) 97 827 | 97 884 | 97 940 | 97 996 
18 |97507| 97 563] 97 620| 97 677 | 97 734 | 97 790 | 97 846 
19 197 358] 97 414] 97 471| 97 528 | 97 585 | 97 644 | 97 697 


(0 00 “ID CN Co ho ee 
WO IMO who 


20 |97 209] 97 265) 97 322] 97 379 | 97 436 | 97 492 | 97 548 F 
a |G oat rl oy |r| aa 
22 9} 97 026) 97 

pocarloe as 96 992 | 97 048 | 97 105 


23 | 96 766) 96 822] 96 879 96 936 
24 | 96619] 96 675] 96 732| 96 789 | 96 845 | 96 901 


25 | 96 473] 96 529] 96 586] 96 643 | 96 699 | 96 755 


re Ree |cDanenar epee, eerste. (oom ee 
26 | 96 327| 96 383] 96 440| 96 497 | 96 553 | 96 609 | 96 666 

27 196 182] 96 238] 96 295| 96 352 | 96 408 | 96 464 | 96 521] 4) 44.5 

28 |96037| 96 093] 96 150| 96 207 | 96 263 | 96 319 | 96 367 | 2] 29.0 

29 | 95 893) 95 949| 96 006] 96 062 | 96 119 | 96 175 | 96 232) 3] 43.5 

5| 72.5 

6| 87.0 

30 | 95749] 95 806| 95 863] 95 949 | 95 976 | 96 032 eee 

31 | 95 606| 95 663) 95 720] 95 776 | 95 833 | 95 889 91 130.5 


32 | 95 463] 95 520] 95 577| 95 633 | 95 690 | 95 746 
33. | 95 324] 95 378] 95 435] 95 491 | 95 548 | 95 604 
95 179] 95 236} 95 293} 95 349 | 95 406 | 95 462 
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Table 16 (continued) 


Tem- Corrected barometer reading P9, mm Hg 


pera- Propor- 
ture, tional 
°C 7172 | 7173 174 775 776 | 777 | 7178 parts 


Logarithm of multiplier / 


9 |99 890] 99 946] 00 002) 00 058 | 00 114 | 00 170 | 00 226 56 
6 | 99 734] 99 790] 99 846] 99 902 | 99 958 | 00 044 | 00 070 y 5 o 
7 | 99579] 99 635| 99 691] 99 747 | 99 803 | 99 859 | 99 914 3 < 3 
8 |99 424} 99 480] 99 536] 99 592 | 99 648 | 99 704199 759! 4| 22.4 
9 | 99269} 99 325] 99 381] 99 437 | 99 493 | 99 549 | 99 605 4 Aaa 
7| 39.2 
Gia Cai Gd Gee Es (ae Pe ee ee 
9| 50.4 


11 | 98962] 99 018] 99 073] 99 129 | 99 185 | 99 241 | 99 297 
12 | 98 809] 98 865] 98 920] 98 976 | 99 032 | 99 089 | 99 144 
13 | 98 656] 98 712] 98 768} 98 824 | 98 880 | 98 937 | 98 992 154 


10 |99 115] 99 174] 99 227] 99 283 | 99 339 | 99 395 | 99 451 
14 | 98 504} 98 560} 98 616] 98 672 | 98 728 | 98 784 | 98 840 


1) 15.4 
2{ 30.8 
3] 46.2 
15 | 98 353) 98 409] 98 465] 98 521 | 98 577 | 98 633 | 98 689 | 3| 77:0 
16 | 98 202] 98 258] 98 314] 98 370 | 98 426 | 98 482 | 98 538 | 8| 92.4 
17 | 98 052/ 98 108] 98 164] 98 220 | 98 276 | 98 332 | 98 388 | 7) 197-8 
18 | 97 902] 97 958] 98 014] 98 070 | 98 126 | 98 182 | 98 238 | 9] 13876 
19 | 97 753] 97 800] 97 865] 97 921 | 97 977 | 98 033 | 98 089 
20 | 97 604] 97 660] 97 716] 97 772 | 97 828 | 97 904| 97940) , 148 
24 | 97 456] 97 512] 97 568) 97 624 | 97 680 | 97 736 | 97 792 | 4| 34-8 
22 | 97 308] 97 364] 97 420] 97 476 | 97 532 | 97 588 | 97 644| 3] 44:4 
23 | 97 164] 97 217| 97 273] 97 329 | 97 385 | 97 441 | 97 497 | 4] 59-2 
24 |970414|97 070] 97 126] 97 182 | 97 238 | 97 294] 97 350| 3) 34:8 
I 7] 103.6 
die 
25 | 96 868] 96 924] 96 980] 97 036 | 97 092 | 97 148 | 97 204 : 
26 | 96 722| 96 778] 96 834| 96 890 | 96 946 | 97 002 | 97 058 
27 | 96577| 96 633] 96 689| 96 745 | 96 804 | 96 858 | 96 913 
28 | 96 432| 96 488] 96 544] 96 600 | 96 656 | 96 712 | 96 768] 442 
29 | 96 288) 96 344] 96 400} 96 456 | 96 512 | 96 568 | 96 624) 1) 14.2 
3] 42.6 
41 56.8 
30 | 96 145] 96 201] 96 257] 96 313 | 96 369 | 96 425 | 96 481 | 5] 71.0 
31 | 96.002] 96 058] 96 114] 96 170 | 96 226 | 96 282 | 96 338] 9] 83-2 
32 | 95 859] 95 915] 95 971] 96 027 | 96 083 | 96 139 | 96 195 | 8] 113°6 
33 | 95717] 95 773] 95 829] 95 885 | 95 941 | 95 997 | 96 053 | 91 127.8 
34 | 95 575] 95 631) 95 687] 95 743 | 95 799 | 95 855 | 95 914 
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Table 16 (continued) 
B. Vapour Pressure over Water and over Absorbing Solutions 


KOH Solution, concentration 
of KOH Me g per 100 g Saturated 
; re) er 
Tempera-| ‘Vater wa NaCl 


ture, °C 10 | 20 | 30 | 40 


Tempera- 
o 
Solution pune) 3G 


Vapour pressure (P,), mm Hg 


6.4 | 15.2 | 13.9 | 12.4 3.2 20 
Ot He ra 16.21 14.8|43.2| 414.4 yy 
22 19.8 | 48.5 | 17.2 | 15.8] 14.0] 15.0 22 
23 91.1 | 19.7 | 18.3 | 16.8 | 14.9] 15.9 93 
24 59°4 | 20.91] 19.5 | 17.8| 15.8] 16.9 Oh 
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C. Densities of Gases and Vapours (p) 


(Mass of one litre of gas or vapour in grams or one willilitre 
in milligrams under standard conditions) 


Formula 


Argon . 

Arsenic pentafluoride ... 

Arseniuretted hydrogen, ar- 
sine . 

Boron fluoride 

Dichlorodifluoromethane, fre- 


Acetylene, ethyne . 
Ethylene, olefiant gas, ethene 
Ethane 

Propylene, propene 
Propane . 

Butane 

Isobutane, methylpropane 
Pentane 

Heptane 

Octane 

Methyl chloride 

Methyl fluoride 
Chloroform 

Methylamine 

Dimeth ylamine 
Trimethylamine 
Ethylamine 

Methanol, methyl alcohol . . 
Ethanol, ethyl alcohol .. . 
Butanol, butyl alcohol .. . 
Cyan, dicyan 

Dimethyl ether 

Carbon monoxide 

Carbon dioxide ....... 
Carbon oxychloride, phosgene 
Carbon oxysulphide.... 
Chlorine . 

Chlorine dioxide 

Fluorine . 

Germanium hydride 
Digermane . 

Hydrogen 

Hydrogen bromide 


P, g/l 
(mg/m])) 


1.7837 
7.71 


3.740 
3.24 


9.010 
0.7168 

173 
.2604 
. 3066 
.937 
.0096 
.9190 


Table 16 (continued) 


log p 


29 132 
88 705 


97 287 
90 650 


74 115 
85 540 
06 930 
10 051 
13 245 
28 713 
30 311 
40 123 
42 693 
93 870 
64 924 
70 157 
36 310 
18 898 
72 288 
14 489 
31 994 
41 814 
30 408 
15 412 
31 027 
o1 108 
36 829 
32 424 
09 705 
29 598 
08 995 
43 473 
90 705 
00 654 
22 943 
93 403 
85 914 
95 366 
06 164 
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Table 16 (continued) 


Formula Name | pe fe log p 
HCOH Formaldehyde ....... 1.34 12 716 
HCl Hydrogen chloride ..... 4.6392 | 24 463 
HF Hydrogen fluoride ..... 0.8940 | 95 134 
HI Hydrogen iodide. ..... 5.7891 | 76 264 
H,0 Steams 6 -a<. mee a  e e 0.768 | 88536 
H,S Hydrogen sulphide... .. 4.539 18 724 
H.Se Hydrogen selenide .... . 3.670 56 467 
H,Te Hydrogen telluride 5.84 76 418 
He Helium ....--+:>- 0.17847 | 25 157 
Kr Krypton. ... 2... +: 3.708 56 914 
Ng Nitrogen ....----- 4.25055 | 09 740 
sh Air, mean value..... - 1.2929 11 156 
NHsg Ammonia ....---:- 0.7710 | 88705 
N20 Nitrous oxide.......- 1.9778 | 29618 
NO Nitrogen oxide .....- 1.3402 12 717 
NO, Nitrogen dioxide .... .- 2.055 | 34284 
NOC Nitrosyl chloride .... - 9.9919 | 47595 
NOF Nitrosyl fluoride ..... - 2.2314 34 850 
Ne Neon. 6 ao Sao a a S 0.90035 | 95 444 
O. Oxygen ..---- ee: 1.42895 | 15502 
O3 O7z0ne sa -s.« 8 2 ee 2.144 | 33422 
PER Oxygen det Sart . | 2.421 38 399 

rogen phosphide, os- 

: ane s fe .. | 41.5294 18 452 
PF; Phosphorus pentafluoride 5.805 76 380 
PFs Phosphorus trifluoride . . - 3.907 99 184 
POF; Phosphorus oxyfluoride 4.8 68 124 
Rn Haden ae ae ore 9.73 98 814 
SF, Sulphur hexafluoride . . . . | 6.98 84 386 
SO, Sulphur dioxide ..... - 2.9269 | 46 644 
SO.F, Sulphuryl fluoride. ... . 3.99 60 097 
SbHs Antimony hydride, stibine | 5.59 74 741 
SiF, Tetrafluorosilane. ..... 4.684 67 062 
SiH, Silane, silicane ...... 1.44 15 836 
SizH, Disilicane ........-. 2.85 45 484 
SiHl,(CHs), Dimethylsilane ...... 2.73 43 616 
SiH,CH, Methylsilane. ....... 2.08 31 806 
SiH;Cl Chlorosilane ........ 3.03 48 144 
SiH,CICH, Methylchlorosilane ..... 3.64 56 140 
SiHC1,CHs Methyldichlorosilane ....]| 9.3 72 428 
SiHF, Trifluorosilane....... 3.86 58 659 

F Tungsten fluoride ..... 12.9 11 059 


716 723 
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Table 16 (continued) 


D. Gasometric (Volumetric) Determination of Gas-Forming 
Substances 


1 m1 of 
Unknown substance measured gas 
under stan- 
Mea- | dard condi- 
sured | tions corres- | log f’ 
gas ponds to f’ 
formula name mg of the 
unknown 
substance 
Al Aluminium ....... H, 0.8019  |90416 
C Carbon ......... CO, 0.53954 |73 202 
COz- Carbonate-ion. ..... CO, 2.6956 |43066 
CO(NH,), | Urea. ......... No 2.6809 |42828 
aC, Calcium carbide C,H, 2.8877 | 46055 
CaCO, Calcium carbonate CO, 4.4960 65 283 
CaF, Calcium fluoride SiF, 7.0278 {84682 
F Fluorine ........ SiF, | 3.4200 [53403 
Fe LOM. 4c, 4.43: aa ct Ge OS H, 2.4899 39 618 
HNO, Nitric acid ....... NO 2.8144 44 939 
H,0, yan os (treat- 
ed with KMnO,) . ..| O. 1.51914 18 158 
H,0, Hydrogen caoxi te (cata- 
lytic decomposition) O, 3.0382 48 261 
KMnO, Potassium permanganate 
(treated with H,0O,) O. 2.8231 45 073 
K NO, Potassium nitrate NO 4.5159 65 474 
Mg Magnesium ....... H, 1.0839 03 500 
MgCO, Magnesium carbonate . . | CO, 3.7877 57 838 
Nitrogen ,........ NO 0.62560 | 79630 
NH,NO, Ammonium nitrate NO 3.97951 55 329 
NOs Nitrate-ion ....... NO 2.7694 44 239 
N,O05 Nitrous anhydride ...{NO 1.6975 22 981 
NO, Nitric anhydride . ... {NO 2.4121 38 239 
NaNO, Sodium nitrate . NO 3.7962 57 935 
Ni Nickel ......... H, 2.6175 41 789 
Na,O, Sodium peroxide O, 6.965 84 291 
inc 2.9145 46 456 
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Table 18 


Densities and Concentrations of Solutions 


A. Densities and Concentrations of Nitric Acid Solutions* 


HNOs3 concentration HNOg3 concentration 
Density at |g per 100g Density at |gper 100¢ 
20° Bs ° 3 = 
0°C, g/cm3s of salt mole/1 20°C, g/cm oo mole/l 
(wt. %) (wt. %) 


1.000 175 29.29 9.495 
1.005 180 30.00 5.618 
010 185 30.74 5.780 
015 3.073 0.4950 190 31.47 09.943 
020 3.982 0.6445 195 32.24 6.107 
025 4 883 0.7943 200 32.94 6.273 
030 5.784 | 0.9454 205 33.68 6.440 
035 6.661 1.094 210 34.44 607 
040 7.930 1.243 215 30.16 778 
045 8.398 1.393 220 39 .93 956 
050 9.209 1.543 229 36.70 135 
055 10.42 1.694 230 37 .48 315 
.060 10.97 1.849 230 38 .25 497 
.065 11.81 1.997 240 39 .02 679 
.070 12.65 2.148 245 39.80 863 


.075 13.48 2.301 
.080 14.31 2.493 
.085 15.13 2.605 
15.95 2.7959 
.095 16.76 2.913 
.100 17.58 3.068 
105 18.39 3.224 
.110 19.419 3.384 
115 20.00 3.539 


165 27.76 5.132 
470 98.54 5.293 


— PS > Sp > pp > pe > > > > > p> > p> > > a 
© 


0.3333 | 0.05231 
1.255 0.2001 
2.164 0.3468 


* For the use of the table, see p. 470. 
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Table 18 (continued) 


HNOs concentration HNOs concentration 


Density at gperi100g Prone st at, g a a g 
20°C, g/cm of solu- mole/1 “ » g/cm e) cian mole/I 


HSO4 concentration HgSO« concentration 
elie eh de eee a 


Density at er 100g | Density at |g per 100g 
20°C, g/ems * of solu- mole/! 20°C, g/em$ | of solu- 
on 

(wt.%) 


* For the use of the table, see p. 470. 
11—1845 
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Tuble 18 (continued) 


HeSO4 concentration H2SO4 concentration 


Density ay g per 100 zg Densily al |g per 1Uuug 
20°C, g/cm oF col: mole/1 20°C, g/cem3 areas mole/1 
(wt.%) (wt.% 
4.090 13.36 1.484 1.300 39 68 5 259 
4.095 14.04 4.567 4.305 40.25 5 356 
1.400 14.73 4.652 4 310 40 82 5 452 
4.105 15.44 1.735 4.315 41.39 5 549 
1.410 16.08 4.820 1.320 41.95 5.646 
4.415 16.76 1.905 4.325 42.54 5 743 
4.120 17.43 4.990 4.330 43.07 5 840 
4.425 48.09 2.075 4.335 43 62 5.938 
4.130 18.76 2.164 4.340 44.17 6.035 
4.135 19.42 2.247 1.345 44.72 6.132 
1.140 20.08 2.334 1,350 45 26 6.229 
1.145 20.73 2.420 1.355 45,80 6.327 
4.150 21.38 2.507 1.360 46.33 6.424 
1.155 22.03 2.594 4.365 46 .86 6.522 
4.160 22 67 2.684 4.370 47 .39 6.620 
4.165 23.34 2.768 4.375 47 92 6.718 
41.170 23.95 2.857 4.380 48.45 6.817 
4.475 24.58 2.945 1.385 48.97 6.9195 
4.180 25.24 3.033 1.390 49.48 7.012 
1.185 25.84 3.122 1.395 49.99 7.1410 
1.190 26.47 3.241 4.400 50.50 7.208 
1.195 27.10 3.302 1.405 51.01 7.307 
4.200 27.72 3.391 1.410 51.52 7.406 
1.205 28 .33 3.481 1.445 52.02 7.509 
4.210 28.95 3.572 4.420 52.51 7.603 
4.215 29.57 3.663 1.425 53.01 7.702 
1.220 30.18 3.754 4.430 53.50 7.801 
4.225 30.79 3.846 4.435 54.00 7.901 
4.230 31.40 3.938 1.440 54.49 8.000 
4,235 32.04 4.031 1.445 54.97 8.099 
1.240 32.61 4.123 1.450 55.45 8.198 
1.245 33.22 4.216 1.455 55.93 8.297 
4.250 33 .82 4.310 4.460 56.41 8.397 
41.255 34.42 4.404 1.465 56.89 8.497 
4.260 35.04 4.498 1.470 57.36 8.598 
1.265 35.60 4,592 1.475 57.84 8.699 
4.270 36.19 4.686 1.480 58.31 8.799 
4.275 36.78 4.781 1.485 58.78 8.899 
1.280 37 .36 4.876 1.490 59.24 9.000 
1.285 37 .95 4,972 1.495 59.70 9.100 
4.290 38 .53 5.068 4.500 60.17 9,202 
1.295 39.40 5.163 4.505 60.62 9,303 
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Table 18 (continued) 


HoeSOg concentration HeSO4 concentration 


Density at |g per 100 ¢ 


per 100¢ 
’ 20°C, g/cms 


Density at 
of solu- 


mole/] 


20°C, g/em3 


tion 
(wt.%) 


61.08 
61.54 


mole/] 


of solu- 
tion 

(wt.%) 

78.06 


78 49 
78 .93 


62.00 
62.40 
62.91 
63.36 
63.81 
64.26 
64.74 
65.19 
65.959 
66.03 
66.47 
66.91 
67.35 
67.79 
68 .23 
68.66 
69.09 
69.53 
69.96 
70.39 
70.82 
74,25 
71.67 
72.09 
72.52 
72.95 
73.37 
73.80 
74.22 
74.64 
79.07 
79.49 
75.92 
76 .34 
76.77 
77.20 
77 .63 


__ > > > > > > > pe pe pp 
Bean es ea gr = = > p> p> er pe pr bm 
e e e e e e e e eo e e e e e e e e e e Coleen ere ae - 


1. 
1, 
1, 
1. 
1. 
1. 
ie 
ds 
sO 
1. 
1. 
sae 
1. 
41 
1. 
see 
ae 
1, 
1. 
1, 
12 
1, 
1, 
1. ‘ 
1. 
1. 
1. 
1. 
1. 
1. 
1.6 
1, 
1. 
1. 
1, 
1. 
i. 


—> 
Co 
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Table 18 (continued) 
C. Densities and Concentrations of Hydrochloric Acid Solutions* 


HCl concentration HC! concentration 


o0°C EN ab g og He g Pitiaeet at g per 100g 
, &/cm of solu- 20°C, g/cm 
tion mole/! 
(wt.%) 


mole/} 


0.09872 
0.3748 |! 
0.6547 
0.9391 
1.227 
1.520 
1.817 


2.118 


Concentrations of Hydrochloric Acid Having Constant Boiling Point 


Atmospheric pres- 
sure during dis- 
tillation, mm H 780 770 780 750 740 730 
Hydrochloric aci 
concentration 
(reduced to a va- 
cuum), g of HCl 
er 100 g of so- 
ution ..... 20.173 20.497 20.224 20.245 20.269 20.293 
Mass of distillate 
containing exac- 
tly 1.mole of se 
eeemne 
ormed in ai, : 180.624 180.407 180.493 179.979 179.766 179.551 


* For the use of the table, see p. 470. 
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Table 18 (continued) 
D. Densities and Concentrations of Phosphoric Acid Solutions* 


HgPOa concentration HgPO, concentration 


Density at |g per 100g Density at, g per ve g 
20 Cc, g/cms of solu- mole/1 20 Cc, g/cm 0 Mon mole/l 


> 
ooo 
—=OO 
One 


> > > > > > bP > > > > > > > > p> > > > > p> ee p> p> pr 
e e e e e td e e e e e e s e ° ° e e e e ° e e e » e es e e e e e e s e e e e e 


Le 
1. 
1 
1, 
1. 
1. 
1s 
1. 
1. 
1, 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1, 
1. 
1. 
1. 
1. 
1. 
1. 
As 
1; 
1. 
1. 
1, 
1. 
1; 
1 
1. 
1. 
1 
a 
5 
1. 


* For the use of the table, see p. 470. 
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Table 18 (continued) 


H3POa4 concentration HsPO4 concentration 
Density at |g per 100¢ Density at |g per 100¢ 
20°C, g/cm3 Oh olus mole/1 20°C, g/cms of a mole/l 
(wt.%) (wt.%) 
4.390 56.42 8.004 4.600 77.60 | 12.67 
1.395 56.98 8.112 1.605 78.05 | 12.78 
1.400 57.54 8.224 4.610 78.50 | 12.90 
4.405 58.09 8.328 1.615 78.95 | 13.01 
1.440 58.64 8.437 1.620 79.40 | 13.12 
1.445 59.19 8.547 1.625 79.85 | 13.24 
1.420 59.74 8.658 4.630 80.30 | 13.36 
1.425 60.29 8.766 4.635 80.75 | 13.48 
1.430 60.84 8.878 1.640 81.20 | 13.59 
1.435 61.38 8.989 1.645 81.64 | 13.71 
1.440 61.92 9.099 1.650 82.08 | 13.82 
1.445 62.45 9 208 4.655 82.52 | 13.94 
1.450 62.98 9 322 1.660 82.96 | 14.06 
1.455 63.51 9 432 1.665 83.39 | 14.47 
4.460 64.03 9.544 4.670 83.82 | 14.29 
1.465 64.55 9.654 4.675 84.25 | 14.40 
1.470 65.07 9.764 4.680 84.68 | 14.52 
1.475 65.58 9 870 1.685 85.14 14.63 
1.480 66.09 9 982 4.690 85.54 | 14.75 
1.485 66.60 | 10.09 1.695 85.96 | 14.87 
1.490 67.10 | 40.24 4.700 86.38 | 14.98 
1.495 67.60 | 10.34 4.705 86.80 | 15.40 
4.500 68.40 | 10.42 1.710 87.22 | 15.22 
4.505 68.60 | 10.53 4.745 87.64 | 15.33 
4.510 69.09 | 10.64 1.720 88.06 | 15.45 
4.515 69.58 | 10.76 1.725 88 .48 15.57 
4.520 70.07. | 10.86 1.730 88 .90 15.70 
4.525 70.56 | 10.98 4.735 89 .34 15.84 
4.530 71.04 | 44.09 1.740 89.72 | 15.93 
4.535 71.52 | 44.20 1.745 90.13 | 16.04 
4.540 72.00 | 141.32 1.750 90.54 | 16.46 
4.545 72.48 | 11.42 4.755 90.95 | 16.29 
4.550 72.95 | 14.53 4.760 91.36 | 16.44 
4.555 73.42 | 14.65 1.765 91.77. | 16.53 
1.560 73.89 | 411.76 4.770 92.17 | 16.65 
1.565 74.36 | 11.88 4.775 92.57 | 16.77 
1.570 74.83 | 11.99 1.780 92.97 | 16.89 
4.575 75.30 | 12.44 1.785 93.37 | 17.00 
4.580 75.76 | 12.22 1.790 93.77 | 17.43 
1.585 76.22 | 12.33 1.795 94.47 | 17.25 
4.590 76.68 | 12.45 1.800 94,57 | 17.37 
1.595 77 A4 12.56 1.805 94.97 | 17.50 
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Table 18 (continued) 


H3P04 concentration H3P0O4 concentration 
Density at |geper 100¢ Density at |g per 100g 
20°C, g/cm3 oro mole/l 20°C, g/cems OF ole mole/1 
(wt.%) (wt.%) 
4.810 95.37. | 17.62 1.845 98.10 | 18.47 
1.815 95 .76 17.74 1.850 98 .48 18.60 
1.820 96.15 17.85 1.855 98 .86 18.72 
1.825 96.54 | 17.98 1.860 99.24 | 18.84 
1.830 96.93 | 18.40 1.865 99.62 | 18.96 
1.835 97 .32 18.23 1.870 100.00 | 19.08 


1.840 97.71 18.34 


E. Densities and Concentrations of Perchloric Acid Solutions* 


HC1O4 concentration HC104 concentration 


opensity at |¢@ per 100¢ Density at | ¢@ per 100g 


°C, g/em3 | ~ of jgolu- isi 20°C, g/em3 oe mole/1 
(wt.%) “(wt.%) 
pee eee ee ae 
1.005 0.1004 1.120 18.88 | 2.105 
1.010 1°90 0.14910 1.125 19.57 | 2.194 
1.015 2.77 0.2799 1.130 20.26 2.279 
1.020 3.61 | 0.3665 1.135 20.95. | 2.367 
1.025 4.43 | 0.4520 1:140 91.64 | 2.456 
1.030 5.25 0.5383 1.149 22.32 2.044 
1.035 6.07 | 0.6253], 1.150 99.99 | 2.632 
4.040 6.88 | 0.7122 1.455 93.65 | 2.749 
1.045 7.68 | 0.7989 4.160 94.30 | 2.806 
4.050 8.48 | 0.8863 4.165 94.94 | 2.892 
4.055 9.28 | 0.9745 1.170 95.57 | 2.978 
1.060 10.06 4.064 4.475 26.20 3,064 
1.065 10.83 | 4.148 1.480 96.82 | 3.450 
4.070 14.58 | 4.233 1.185 27.44 | 3.237 
1.075 12.33 | 1.319 4.190 28.05 3,323 
4.080 13.08 | 1.406 4.4195 98.66 | 3.409 
4.085 13.83 | 4.494 4.200 99.26 | 3.495 
1.090 14.56 | 4.580 1.205 29.86 | 3.582 
4.095 15.28 | 4.665 1.240 30.45 | 3.667 
4.100 16.00 | 4.752 1.245 31.04 | 3.754 
4.405 16.72 | 4.839 4 220 31.64 | 3.839 
4.410 17.45 | 41.928 {225 32.18 | 3.924 
4.415 18.16 | 2.015 1 230 32.74 | 4.008 


* For the use of the table, see p. 470. 
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Table 18 (continued) 


HC104 concentration HC1Oq4 concentration 


Density at |g per 100¢ Density at |g per 100¢ 
20°C, g/cm3 of solu- mole/) 20°C, g/cms of aoe 
on 


t mole/1 
(wt.9) 


— 
as 
os 
on 


92.89 7.607 
03.27 7.689 
93.65 7.770 
04.03 7.852 
7.934 

19 8.017 
A7 8.100 
8.183 

8.267 

8.302 

8.436 

8.519 

8.600 

8 .689 

8.772 

8.857 

8.942 

9.028 

9.116 

9,203 

9,290 

9.377 

9,465 

9 50d 

9.644 

9.730 

9.819 

9.908 


res WBS bs 1s Bs DS 
“J ~] G2 G2 1 G1 
C1 OO C1 © 


01 O71 O71 O17 OF UT Ot OT OF OT OT OT OT DS i 
AOOok &R WWNHNMHKH HB OOo oOt 
ONOMAOASWAIAMHOMNeonoqgn 


10.18 
10.27 


10.50 
10.64 
10.74 
10.83 
10.93 


1. 
1. 
1, 
1, 
-. 
1; 
1. 
1. 
1, 
A: 
1. 
1, 
1: 
1, 
1; 
di 
1. 
1. 
di 
1. 
1. 
1. 
1. 
1. 
a 
1 
Ai 
1. 
se 
5 
1. 
1, 
1. 
1, 
1, 
1, 
dy, 
1. 
1.6 
1. 
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Table 18 (continued) 


HClO, concentration HC10a concentration 


Density at |g per 100g Density at |gper 100¢ 
20°C, g/cem3 of solu- mole/l 20°C, g/cms of solu- 
tion tion 


(wt. %) rt. %) 


1.655 68 .64 11.34 1.670 69.77 11.60 
1.660 69.02 | 11.40 1.675 70.15 11.70 
1.665 69 .40 11.50 


F. Densities and Concentrations of Acetic Acid Solutions* 


CHsCOOH concentration 


CHgCOOH concentration 


Density at |g per 100g Density at |g per 100¢ 
20°C, g/em3 of solu- mole/l ogeC, g/em3 | of oN mole/l 
ion 
(wt. %) (wt. %) 


1.000 1.20 0.200 1.050 40.2 7.03 
1.005 A 64 0.777 4.050 46.9 8.24 
1.010 8.44 1.37 1.060 03.4 9.43 
1.015 11.7 1.96 $085 61.4 10.9 
1.020 15.4 2.61 1.070 77-79 * * 113.7-14.4 
1.025 19.2 3.27 1.065 91.2 16.2 
1.030 23.1 3.96 1.060 95.4 16.8 
1.035 27.2 4.68 1.055 98 .0 17.2 
1.040 31.6 5.46 1.050 99.9 17.5 
1.045 36.2 6.30 


** Acetic acid, in the given limits of concentration, has a density of 
1.0700 g/cm$ with deviations of less than 0.0001. Siuce density decreases 
with a further increase in concentration, then in order to determine the 
concentration from two possible ones that meets the density found (for exam- 
ple, the density of the solution is 1.060 g/cm3; will its concentration be 
53.4% or 95.4%?), a ttle water is added to the acctic acid test. If the den- 
sity decreases, a lower concentration is taken (in the given case, Be age 
and if it increases, a higher concentration is taken (in the given case, 95.4% 


G. Densities and Concentrations of Potassium Hydroxide Solutions* 


KOH concentration KOH concentration 


Density at |g per 100g Density at [|g per 100¢ 


20°C, vem | of solu- | moles |} 22°C, g/em$ | of solu- | moje 
(wt. %) (wt. %) 

4.000 0.197 0.0354 1.015 1.84 0.333 

1/005 0.743 | 0.133 1.020 2.38 0.433, 

1.010 1.29, 0.233 1.025 2.93 0.536 


Oe ee 
* For the use of the table, see Pp. 470. 


170 


Table 18 (continued) 


KOH concentration KOH concentration 
Density at |g per 100g Density at |g per 100g 
20°C, g/cm3 of eolus mole/l 20°C, g/cm3 eee mole/l 
(wt. %) (wt. %) 
4.030 3.48 0.639, 1.240 25.36 5.60 
4.035 4.03 0.744 4.245 25.85 5.74 
1.040 4.58 0.848 4.250 26 .34 5.87 
1.045 5.12 0.954 4.255 26.83 6.00 
4.050 5.66 4.06 4.260 27.32 6.13, 
1.055 6.20 4.47 4.265 27 .80 6.27 
4.060 6.74 4.27 4.270 28.29 6.40 
1.065 7.28 4.38 1.275 28.77 6.54 
1.070 7.82 4.49 1.280 29.25 6.67 
4.075 8.36 4.60 1.285 29.73 6.84 
4.080 8.89 4.74 4.290 30.21 6.99 
1.085 9.43 4.82 4.295 30.68 7.08 
4.090 9.96 1.94 4.300 31.15 7.22 
4.095 10.49 2.05 4.305 31.62 7.36 
4.100 11.03 2.16 4.340 32.09 7.49 
4.405 11.56 2.28 4.315 32.56 7.63 
1.110 12.08 2.39 4.320 33.03 7.77 
4.445 12.64 2.54 4.325 33.50 7.94 
4.120 13.14 2.62 1.330 33.97 8.05 
4.125 13.66 2.74 4.335 34.43 8.19 
4.430 14.49 2.86 4.340 34.90 8.33; 
4.135 14.70, 2.97, 4.345 35.36 8.48 
4.140 15.22 3.09 1.350 35 .82 8.62 
4.4145 15.74 3,24 4.355 36.28 8.76 
4.150 16.26 3.33 4.360 36.735 8.905 
4.155 16.78 3.45 4.365 37.19 9.05 
4.160 17 .29 3.58 4.370 37.65 9.19 
4.165 17.84 3.70 4.375 38.10, 9.34 
4.170 18.32 3.82 4.380 38 .56 9.48 
1.175 18.84 3.94, 1.385 39.01 9.63 
4.180 19.35 4.07 4.390 39.46 9.78 
4.185 19.86 4.419, 4.395 39 .92 9.93 
4.190 20.37 4.32 4.400 40.37 10.07 
4.4195 20.88 4.45 4.405 40.82 10.22 
4.200 21.38 4.57 1.440 44.26 10.37 
4.205 21.88 4.70 4.445 41.74 10.52 
4,210 22.38 4 83 4.420 42.15, | 10.67 
1.245 22.88 4.955 1.425 42.60 10.82 
1.220 23.38 5.08 4.430 43.04 10.97 
1.225 23.87 5.24 4.435 43.48 44.42 
4.230 24.37 5.34 1.440 43.92 11.28 
1.235 24.86 5.47 4.445 44.36 11.42 
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Table 18 (continued) 


KOH concentration 


KOH concentration 


20°C eh ati g per 40° g aes | at, g per ane g 
» g/cm of solu- » &/Cm of S0lu- le/] 
(wt. %) 


1.450 44.79 | 11.58 1.495 48.67, | 12.97 
1.455 45.23 | 41.73 4.500 49.10 | 13.43 
1.460 45.66 | 41.88 4.505 49.53 | 13.29 
1.465 46.09, | 12.04 4.510 49.95 | 13.45 
1.470 46.53 12.49 4.545 50.38 | 13.60 
1.475 46.96 | 12.35 4,520 50.80 | 413.76 
1.480 47.39 | 12.50 4.525 51.22 | 13.92 
1.485 47.82 | 12.66 4.530 51.64 | 14.08 
1.490 48.25 |.12.82 4.535 52.05 | 14.24 


H. Densities and Concentrations of Caustic Soda Solutions* 


NaOH concentration 
eae ee ee 


Densit Density at |g per 100¢ 
°C, ens = Me foe” mole/l 20°C, g/cm$3 oft mole/1 
tion s 
(wt. %) (wt. %) 

SO TOT |i | | Renee ceateesnick ee eee 
1.000 0.159 0.0398 4.405 9.64, 2.664 
1.005 0.602 | 0.454 4.410 10.40 2.802 
1.010 4.04. 0.264 4.415 10.55. 2.942 
41.015 1.49 0.378 4.120 41.04 3.082 
4.020 1.94 0.494 4.125 11.46 3.224 
4.025 2.39 0.644 4.130 11,92 3.367 
1.030 2.84 0.7314 4.135 12.37 3.510 
4.035 3.29 0.854 4.140 12.83 3.655 
1.040 3.74, | 0.974 1.145 13.28 3.804 
4.045 4 20 4.097 4.150 13.73 3.947 
1.050 4.655 4.222 4.155 14.18 4.095 
1.055 5.41 4.347 4.460 14.64 4, 244 
4.060 5.56 4.474 1.165 15.09 4.395 
4.065 6.02 4.602 4.170 15.54 4.545 
4.070 6.47 4.734 4.175 15.99 4,697 
4.075 6.93 4.862 4.180 16.44 4.850 
4.080 7.38 4.992 4.185 16.89 5.004 
4.085 7.83 2.123 1.190 17.34, 5.160 
4.090 8 28 2.257 4.195 47.80 5.347 
4.095 8.74 2.391 4.200 18.25, 5.476 
4.400 9,49 2.527 4.205 18.74 5.636 


* For the use of the table, see p. 470. 
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Table 18 (continued) 


NaOH concentration 


NaOH concentration 


Density at |g ner 100¢ Density at |g per 100¢ 
20°C, g/cms of ee mole/} 20°C, g/ems ae mole/l 
(wt. %) (wt. %) 

1.210 19.16 9.796 1.375 34.52 11.86 
1.215 19.62 9.958 1.380 35.04 12.08 
1.220 20.07 6.122 1.385 39.50, 12.29 
1.225 20.53 6.286 1.390 36 .00 12.51 
1.230 20.98 6.454 1.395 36.49, 12.73 
1.235 21.44 6.619 1.400 36 .99 12.95 
1.240 21.90 6.788 1.405 37 .49 13.17 
1.245 22.36 6.958 1.410 37 .99 13.39 
1.250 22.82 7.129 1.415 38 .49 13.64 
1.255 23.275 7.302 1.420 38.99 13.84 
1.260 23.73 7.475 1.425 39.49, 14.07 
1.265 24.419 7.650 1.430 40.00 14.30 
1.270 24.64, 7.824 1.435 40.51 14.53 
1.275 20.10 8.000 1.440 41.03 14.77 
1.280 20.06 8.178 1.445 41.55 15.04 
1.285 26 .02 8.357 1.450 42.07 15.25 
1.290 26 .48 8.539 1.495 42.59 15.49 
1.295 26 .94 8.722 1.460 43.12 15.74 
1.300 27.44 8.906 1.465 43.64 15.98 
1.305 27 .87 9.092 1.470 44.17 16.23 
1.310 28 .33 9.278 1.475 44 .69, 16.48 
1.315 28 .80 9.466 1.480 45 .22 16.73 
1.320 29 .26 9.656 1.485 45.75 16 .98 
1.325 29.73 9.847 1.490 46 .27 17 .23 
1.330 30.20 10.04 1.495 46 .80 17 .49 
1.335 30.67 10.23 1.500 47 33 17.75 
1.340 34.14 10.43 1.505 47.85 18.00 
1.345 34.62 10.63, 1.510 48 .38 18.26 
1.350 32.410 10.83 1.515 48 .90, 18 .52 
1.355 32.58 11.03 .020 49 .44 18 .78 
1.360 33.06 11.24 1.525 49 .97 19.05 
1.365 33.54 14.45 1.530 50.50 19.31 
1.370 34.03 14.65 


I. Densities and Concentrations of Ammonia Solutions* 


NHg3 concentration NHs concentration 


Density at. gper 100¢ Density at |g per 100g 
20°C, g/cm eee mole/l 20°C, g/cm3 oF ha mole/! 
(wt. %) (wt. %) 
0.998 0.0465 | 0.0273 | 0.994 | 0.977 | 0.570 
0.996 0.512 0.299 0.992 1.43 0.834 


*For the use of the table, see p. 470. 
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Table 18 (continued) 


NHg concentration NHs3 concentration 


Density ae gper 100g Density at |g@ per 100g 
20°C, g/cm Soe mole/l 20°C, g/cm3 areas mole/1 
(wt. %) (wt. %) 
0.990 1.89 | 4.10 0.93% | 16.65 | 9.13 
0.988 2.30 1.36, 0.932 17.24 9.44 
0.986 2.82 1.63, 0.930 47.85 9.75 
0.984 3.30. 1.91 0.928 18.45 10.06 
0.982 3.78 2.18 0.926 19.06 10.37 
0.980 4.27 2.46 0.924 49.67 10.67 
0.978 4.76 2.73 0.922 20.27 10.97 
0.976 5.29 3.01 0.920 20.88 11.28 
0.974 9.79 3.29 0.918 21.50 11.99 
0.972 6.25 3.97 0.916 22.12, 14.90 
0.970 6.795 3.84 0.914 22.79 412.21 
0.968 7.26 4.12 0.912 23.39 42.52 
0.966 7.77 4.41 0.910 24.03 12.84 
0.964 8.29 4.69 0.908 24 .68 43.16 
0.962 8.82 4.98 0.906 25.33 13.48 
0.960 9.34 5.27 0.904 26 .00 43.80 
0.958 9.87 59.50 0.902 26 .67 14.12 
0.956 10.40, 9.84 0.900 27 .33 14.44 
0.954 410.95 6.13 0.898 28 .00 14.76 
0.952 41.49 6.42 0.896 28 .67 15.08 
0.950 12.03 6.71 0.894 29.33 15.40 
0.948 12.58 7.00 0.892 30.00 15.71 
0.946 13.14 7.29 0.890 30.68, 16.04 
0.944 13.71 7.60 0.888 31.37 16.36 
0.942 14.29 7.91 0.886 32.09 16.69 
0.940 14.88 8.21 0.884 32 .84 17.05 
15.47 8.52 0.882 33.59, 17.40 
16 .06 8.83 0.880 34.35 17.75 


NagCOs (anhydrous) 


dro 
NasCOg (anh us) concentration 


concentration 


Density at Density at 

29° 3 |@ per 100g 5 |g per 100g 

0 Cc, g/cm of solu- mole/1 20 C, g/cms of solu- mole/1 

(wt. %) ‘ 

4.000 0.19 0.018 1:025 2.07 0.248 
4.005 0.67 0.063, 4.030 | 3.05 0.296 
1.010 1.14 | 0.109 1.035 3.54 0.346 
4.015 1.62 0.455 1.040 4.03 0.395 


1.020 2.10 0.202 1.045 4.50 0,444 
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Table 18 (continued) 


NagCOz3 (anhydrous) NagCOs (anhydrous) 
concentration concentration 

Density at Density at 

0 e per 100g ° g per 100¢ 
ag cents Pee mole/l eee Cae mole/! 
(wt. %) (wt. %) 
1.050 4.98 0.493 4.125 12.05 4.279 
4.055 5.47 0.544 1.130 12.52 1.335 
4.060 9.99 0.595 4.135 13.00 1.392 
4.065 6.43 0.646 1.140 13.45 1.446 
1.070 6.90 0.696 4.145 13.90 4.501 
1.075 7.38 0.748 4.150 14.35 1.597 
4.080 7.85 0.800 1.155 14.75 1.607 
1.085 8.33 0.853 4.160 15.20 1.663 
1.090 8.80 0.905 1.165 15.60 1.714 
4.095 9.27 0.958 1.170 16.03 1.769 
; : 1.175 16.49 1.823 
1.180 16 .87 1.878 
4.185 17.30 1.934 
1.190 17.70 1.987 
K. Densities and Concentrations of Selected Commercial 
Reagents 
rT ‘ Concentration 
Reagent 20°C, gem’ 
wt. % mole/1 
Acetic acid, analytical grade 

and pure. ....... < 1.0549 > 98 > 17.21 
Acetic acid, glacial, che- 

mically pure...... < 1.0503 > 99.8 = 17.45 
Ammonia solution, concen- 

CLACCO as cde eee ors 2 0.901-0.907 | 25.0-27.0 | 13.32-14.28 
Hydrobromic acid . 1.486 46.85 8.6 
Hydrochloric acid . . | 4.474-4.185 | 35.0-38.0 | 11.27-12.38 
Hydrofluoric acid, analyti- 

cal grade .....-.-. > 1.128 >40 2222.00 
Hivdeollooris acid, pure >1.116 >35 219.52 
Hydroiodic acid ». .. | 4.90-1.55 45 .3- 49.8 0.31-5.50 
Nitric acid, ra . ,| 4.3872-1.405 | 60.7-68.0 | 13.28-15.16 
Nitric acid, “weak 4.337-1.367 | 54.0-60.0 | 11.44-13.02 


EE dEIIIEEII EEE IGE ISEnEeeeneeE eID 
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Table 18 (continued) 


zs a Concentration 
Reagent ope giems 
wt. % mole/1 


eee 


Perchloric acid ..... 4.206-1.220 | 30.0-31.61 | 3.60-3.84 
Phosphoric acid, analytical 

grade ......... >1.719 288 >15.43 
Phosphoric acid, pure . .| 21.743 2287.9 219.29 


Sulphuric acid ... «| 4.83-1.835 | 93.56-95.60 | 17.46-17.88 


176 


—> 
——s 
= 


HO—9 
aa ae 
Ho—C YX YD-08 | Ug on a8) a3 
AO| [aA — Usa Ja™N , -UByd sig SUl0Z 
0°F-0°0 foyoote %0L | S0°0 \_Y NG -aaqjoqyydeNn-o |Z 
(A[ Jueutmopaid) 
se 
(S 
‘ 
aN. ye UN (cy 
3 P G0°0 a“ | (| ‘ ats . “SON 99S) 
uaai13 -— MOT] pur LON ; asueyo 1sIY 
c’0-€F'0 WM | EO |. -10 SCHON’ me “NP (08H) ‘yapora = TAWA |T 
_% 3 
ou) pue aduet pd qWsATOS ae B[NWIOy 407 8}pUy 
-u09 


(aduer Fd 944 UI YIMOIZ oY} JO Jepso oy} Ut) 
eHOJVOIPUT Vse_-proy Jory 


6) PTL 


177 


MOT[OA — pol 


‘oLy *d aag ‘a[qez oq} JO agn at} JOde 


HOS” be 


/\ 
Y, 


6) 
YOOC™ 
0% ~*~ Fon 


esueyo 

qsig {(UleTeq} 

-ydoydyns[os 
-910-0) pai [OsaID |G 


8°h-c'0 Toycste %O¢G | 70°0 
-I9 “CHO)N 
JN 
in) 
\Z 
\ 
0) 
= (ean 
-Uee1d — MO] [OA y 
0°2-1'0 Jay8@AA | S0°0 -108HO)N” ~4 4 \w2(98H) Users TAQIOW [7 
"ON 
0 
AO[[AA UN 
— §s9]INO]O9 SON | N%0 (joueydosq1u1414 
€°F-0°0 JayeAd | F°O HO -9'F'Z) ploe o119Ig |€ 


12—1845 


jo  uol;Ip H 


— | = = 
aMo[JoA —o[dand | -pe ue yy Yaa RE Pe aS ee ame aurme, Aueyd 
eee Joyooye §=%0¢ | 10°0 QV FZ NTR YG TNENTN -Ipoze euazueg [6 
H oF Jom (2, 3H 
=. | _ zl -03001} “MOT 
AO] [aA — pod / ae 23 Y BS — AT — ar / SS -TaA BIIOJOIA 
C°C-o ob 978M ¥0 XN GF N Va N N \_F aoriee : ok 9 
(adueyo 
puodas -G} 
ahyq — uaei3 pue | “SON 9as) 
S*}-0°F qaieM | 4°0 } ‘ON aag OIA = |AYaw |, 
eee 
(“ 
‘i 
oy. 
ueald ae ‘Yi \ 
YsIN[G — Morya Wy, (69 ‘ON eas) 
02-850 zee | 5°0 10 *(HOIN® 7 NA Nye (ney) esueyo 4819 


“eerd eyqoeTeH |g 


% 
INO[OD 10JBo}puy quaajos ‘moe Zz 
24} puv oduvi Wd “3000 BlnMIog © 
ties LOI HUy 5 
ore) 
Cte 


<x (Panujquo2) 6 27Q0,7 


179 


nN 
(\ : 
10389 y, 
pur om Heos” ‘ 
JO SUL OO} e 6 
xed HON ae ON 1a 
o 18 ey NS 
0 wor (eg “ON 9as) 
pe ue 07” 4 ‘7 on estmeyo ys1G 
WU OFF-Fy7G TBMy) qyIM J9zEM (q) HD HD ‘(urepeqiqdoyd 
MO][OA — pad : [07 rw aN -[Nsjou4y}) 
8°0-2'F “ooTe %0zZ (Be) | 4°0 fHOY “OfH HO” ‘DfH antq = ourATLL, | FF 
S\ 
yy , 
H®OS | 
€ 
pe eS ReMi 
‘edueyo 
re Cuetec 
A\oT[A4 — pau y Y -[Ns - 
8°S-s' Joqooys %0Z | 70°0 07 7 Bg Nou ejdind josein-w |O} 
wWorynyos 
jo [am QO} 
iad IOH 


Nb {Oo [a } 


80 


=i 


(\ 
a 
£907 
M°7T*~\ on 
€ H 
Hoo. 74 I q 
S69 [INO[09 \F ‘ 
—  e[0IA-poel po. 
Z°E-2'F Joyoote %OL | +0 ®HO0 Axoyyourezed |€} 
10389 J\ 
-Ipul 03 I S 
jo Zur (Ot Heos’” \” 
zed HO8N 
NS0'0 EHO SHO 
yO [um ¢°¢ | oO | 
jo , u0ry aa “a oo 998) 
-Ippe ue B 4s1 
a | TEs sere (q) | S0°0 0% 4 You *(ayeremsydog 
-umMol1q — pa [07 -[Ns[ouse[Ax 
8°S-s'b -o7fe %0Z (8) | 70°0 SHO SHO -d) entq jous,sy [ZF 
not’ Z 
sate seuen ad qUOAIOS sth BInuL0g 10}BO} pur = 


-u0p 


(panuzzu09) 6] 9190, 


184 


esuRso —~N=N- = (%) “ON 908) e2 
— ofOIA YysIntq| joyooye %06 | ¢°0 , Bd an 4 “avy 4819 ‘ay 
O'P-e'F 1ajeM 10 urmdmdozueg |g} 


MOT[OA — par 
€°€-6'} O78 AA co"0 H H eduero [Azueg |L} 
8NOOO\ 
MOT]eA — par ee Aaa er ee, ee 
"Op: HO gf _N=N—- —N°O eduvyo 41g ‘yy 
€°€-6'4 1878 MA yO NE NY Worle. UlrezilTy |9} 


(L pue 
} ‘SON 928) 
edueyqo  pailg4 
JoforA =: TAO [CT 


joforA — ony q 
0°€-0'2 


MOT[AA — pad 
| 


} ‘ON aag 


10°0 

pue | eneos— —-N=N— n—< 

3 0 Ne <>- <> 
‘0° H 


(e8teI0 [Auaqd 
-Ip ‘AJ o8te10) 


JaqVM 00 urfoadory, |p} 


Gc &-¥'} 


; 


182 


wu 7997-¢cS 


(II] asuaer0 is 
xeuly MoT[ad — ir... ale eulyyuertlepy 


40°0 = =< (AoT[a£ J933Nq) 
Biles pes ee € D-N=N-€ SO N8CHO) morfeA = [AMON 2 
ORE loyoore %O6 | F°0 YY TN YA I 
8 
[OyooTy i 0 ( \ 
sk (jouaqd 
MOTTOA aes cON” vy 01} 1UIP-7'2) 
— ssod7TMoroo - 
ae 19yeM -nyes HO JoueydorjlUIg-v |9z 
i es 
( 
¥0°0 
a . ond Ya onl 
— 889] TUT _ | 
O'F-7'2 Ja}BM ‘F'0 HO Jousydoryturgq-g |¢] 


INO[OD JOJVO Puy U9ATO 
omy pue asuel Hd a alee 


‘ON 


B[NWIOg 101BOpuy 


‘uo}Wel 


(panujquos) 67 31901 


183 


ped 
—yoqora Yystnyq 
Z°G-0'8 


1940 M 


S°ORN 


| 
~~ 
| | 
XI \4FN\ J 4 
N°H 
par 08007 {CZ 


ajdind — Moy[aA 


8°7-0'€ 


104 
BOI pul at} 
jO SUI OOF 
iad HOe8N 
NGO'O jo 
[a Ze jo 
uoTyIppe ue 


Ya Jazem (q) 


[oy 


“09[@ = %0z (8) | 70'0 ig ig 


an|{q jou 
-aydorso;yoomoig |%Z 


WU ¢6S-9LY 


*eUly 
any{q — mopped 
9°F-0'€ 


10789 
-Ipur yj 
JO Ju OOF 
iad YOeN 
NSO'Q 4j0 
{Ww QE jo 
UOl}Ippe ue 
UPI Jazeat (q) 
[04 
-oaTe %0Z (e) 


40 


AASV 
| p, || y (uleTeq3 
foN&  \#™. -ydoyd{nsjoueyd 
0 | | OH -0W014e132}) 
Ig ig enjq [ouaydomoig |€Z 


| | | 


184 


VZAiN 
MoOTak YSTtt a 4 = 
-MOIQ — Ja]OTA OU faa OE oe 
L'G-L'€ joyoote %oL | F°0 HNT\ JZ NNN YG par [Aq qdeN-» |9z 
(S 
10j389Ip HeOS” vy, 
-UIl ayy Jo | 
dW YOp sod p: 
HOtN \ 
NS0°0 jo 1g oN 1g 
Jam 67g jo \4AN\A ANG A 
WM Ab9-Fry | UOTITppe ue | Z | 
enyq Mouae ee an wv 0” \ ot to” \” Son Gonna 
y'S-8'e -oaye %0zZ (8) | +°0 Ig Ig en][q [Oseloomelg |LZ 
" (19 ) 
"ON G06 
BNFOS. O@NS™N7/*® esueyo qs1g 
O*H: a || ‘(ayemoydyns 
HO” Va AN a UlreziTe wmMmIp 
40 [01A — MO] [OA f ol -08 ‘§ ULTezITy) 
Z°S-L'¢ 1018 M 0 HO O S pay Ulzezity gz 
noe re 
JuO1Oo ACIDE! juaAog pai BINWOg 10180 ;pur - 


aq1 pue odusr Wd 


-u0D 
eA Reena ener ee 


(panurqued) Gl 4]QD 


185 


"HNOOO—/(( \ 
Wi 
| I 
(oyooye “0 NAAN ONZ 
Ul paa ; 
ge aicie eB pudde 07 YY So” ‘ou (dysososongop |, 
G'9-'F -01109) 10384 | F'0 I I -0181404) UISOapO] 
/N*H 
ae lOH*HN-€ > -N=N-€ > eurprosAmqy |ze 
0'L-0°F qeqeM r'0 \_ FG Ip! 
a xe Oe ai C D-N=N-€ DA NeOFH) 
MOT[aA — pal pue r 
Toes JoyooTs %09 | F'0 \j00H par [AqIeA |TE 
G0 
onjq — ped pus oe 
b°9-0'°F joyooye %06 | 2'0 N2E0SHED Ppromoey] j0¢ 
“OS 
Vi (joueyd 
MOTTaA Sc0 0 \ N20 ipo! 
— ssa] Inojoo pus | -01}{UIp-G‘Z) 


ueydoryIUIq-A 
H°C-0'F Jaye im HO jousydorjIUId-4 16¢ 
| | | | 


86 


= 


— 
so 

—s> 
— 


10389 


-Ipul = aq} 
jo Su 00} 
Jed HORN iS 
NS0°0 
jo TW Ly HOS” Y 
jo uol} 
-Ippe ue ie [OD (ToT 
YPIA\ 1978A (q) pea Nv a -ey}qdoyd [nsjou 
pai — morjad ‘TOY te pS -aydoi10[qoIp) 
9°9-0'S “oofe %0Z (2) | 4°0 OH pad JouSeydor0[YD |GE 
Oe a 
AN 
=< 
*HO ee 
HO — 9” \/f \ 
QOTOIA z y 
— MoTTaA Ne e4 ‘ou 
0°9-0°S Toyooye %06 | S‘0 HO UTTAXoyeMEH [PE 


% 


INOTOD JOWOTpUy 
ou} pues edue qd wRALOS eauaGr eB NULIO 103eO[puy 
-u09 


(panunquos) ET 2190,r 


187 


10} y 
-BoIpUl 94 | | 
JO Ju OOF 
ied HORN HOS" | 
NGO°O 40 2) 
wu }6S-Ee uorsip yee “\¢ AC (urapeqyydoyd 
seul ¥ UIA Laer (q) VAN \SO™N -[NS]0Sa10-0-aUTU 
etdimd — mojjoA ‘Toy ow | ; OH -o1qip) efdand 
8°9-2'°S -oofe + %0Z (e) | F°0 fH) 2S FD Jose190m0Ig {ge 


MOT[aA 
— sse,inojoo “ON” | 
0°L-0°¢ joyooye %0G | F°0 HO Jousydos3zIN-o |1¢ 


107289 

-Ipur aq} 

jo Sur OO} ( \ 
zed HOEPN Tw, 
aay’ s0 H*0S” 
m 6°¢ J 

WoryIppe Ue Iq ig (aI9T 
[ITA 178M (q) |40°0 ae aed \ 7 


P o[ [oA I pu p \ gets el 
61 — MOT[O -[0F B y y -aydouio1q! 
8°9-0'S -oofe %0z (8) | F°0 07 ™ Nou pai joueydomoig j9¢ 


188 


ar 
=a 


10389 

“[pur = eq} 

jo Sul QO} 

sad HOe8N 

NS0°0 

jo [Ww ¢'eé 

jo uoly 

mu L19-Eey | -Ippe ue 
XeUly YVIa Jayem (q) | 4°0 
an[q — AojpoA [oq ae 
g°2-0°9 | -o0fe %0z (2) | ¢0°0 


&@ ™N™ 
“CHOHON A / \/\ 70H EHO) (ara 


| | (| -euyudoud 
NaN / VN ou ugromsunout 
| -Olqip)  — en{q 

JomAyyomolg |fF 


ts | 


Ao 
VAN 
MOT]aA O 
— 8Sa]INo[oo 
ae, | JousydosyIN-d joy 


JO[OTA 20oN— YW, —N=Nn—' l 
-anyq — Aoyyod ; Vf bad 
0°L-0°9 JOM v0 20ON HO| 


MoTToA autzeaytIn lee 


INO[OD 10}e0} pu ‘mo]B 
9) us Oduye. aMRAIOR : 
7 p J a -1uU20 B[ NUIT 10Jeo}pul a 


(panujjuo2) GF aqqny 


189 


10389 
-IpuI 060} 
jo 3m 001 i 
gad FZOUVN Z 
NSO'0 30 H®os 
uu gcc-sEer donnie de ? 
: =e ae | eee (q) | S0°0 ae \ (aroleta 
8I— MOTO {jou pus oyd[nsjou 
7°8-8'9 -ooje %0z (8) | F°0 07% ~4 ‘oH oud) ) per joueyd |r 
4 Z(re 
ve HNY A /NY “NS /N*(08H) 
~moqjo4 — pas if elt 
7°8-8°9 joyooTe %09 | 40 per [elNIN /€P 
O 
e119 l 
0 
\ 
l 
) 
SN (our] 
Y~ /~ -[e109 MoT]aA 
[| || ‘uyane,Aqyour 
40 \F “UlIme SUleyeyy 
pei — MoTjoA pus | | -ydouty[e109) 


0°8-¢'9 Joyooye %QG | S°0 HO OH plow = aTjosoy-d (zy 


{90 


10389 
“Ipur 90} 
jo Jur 00t / 
Jod YOeN i , 
NSO°0 Y 
jo jm ¢'¢ Hos’ 
Ua ole -Heh a wor} : 2 : 
Af “Tppe ue HO 0’H 
po aftand | utzon (@ 1eao4 adoudtnste 
— AOT[OA Jaqure -[O— y, 7 
8°B-C'L “ooTe %0¢ (8) | 4°0 0” on -819-0) pax [OSeID [Ly 
z 
ON. "4 
; | 
mee ee _ 
7°8-8°9 JO}BM €°0 HO JoueydorjzIN-w |gF 
He pySm) — Shy 
se, i Chi elite 
=y eulaeAd 
0°8-0°L Toqooye %06 | O'F YF H < O at 


antq  sulp[ourngd |c7 


: z 
INO[0D 10}BO]} Puy woy wer 
aq} ae esuel Wd qOBATOS wl B[NULIO 10780} purl - 
-u09 


(panuiquo?) 6f 2190, 


AMA 


aN 
Pa A ue = pe 
— U -MOT pue = c ee cane 
6°8-9°L 0yeM +0 BN"OS J —N=N , OH 000 utjoedory, {7c 
: (OF ‘ON 908 
gidand — mojpeA adueyo nee 
0°6-F'L OF “ON 999 ‘a[dind [osaay-w [gc 
enyq 9381008 
— §89]1N0]09 -({Aueydo141u1Ip 
0'6-F°L [oqoo[V 40 = -o'¢)-S1q-JAqA 167 


ueeid-an|{q 0°} 1/4 JN 
— yuid-MoyjoA pue I | 
9°8-7'L joyooye %OL | 40 ) OH -ydjoyyqden-» |9y 


Ule[eq} 


HOOD" | 
2) 
a0 
20°0 Va \7™\ 
pal — ssayanojoo pue O j OH 
8°6-2'8 Joyoote %06 | 2'0 fHO = ®HO urareyyydposes)-o |g¢ 
(Z} “ON 998) 
eng — MoyjaA esuegos puooas 
9°6-0°8 Gb ON aa ‘eny{q Joue][AX Fc 


mu saad 
(tt “ON as) 
ang — MorjeA esueyds puodses 
9°6-0'8 TF “ON aag en[q jouAyL Es 


; 0°H 
“a Ho—{_>— pan” 
MOTT esueus 
6 6-7 L Toyoote %O6 | F'O EHDO” H H O 1G cayumogay eS 
% 
IN0[09 10380} puy ‘ 
au} pus efucs prd JoATOS carat eInulo0g 10380] puy ) 
3 
=  (panujzqu0s) 67 aqqvyz 


193 


¢ \ 
an]q oe a4 YY O° 
—SS$9[INO[OD | ; UIs] 
S’Ob-€°6 [oyoo[e %0OF | F°0 0” YY of fHO oN? on “eyiydpouayAX-d gc 
(¢ ‘ON 
gas) esueqo 
eng — Ao][aA puosas ‘uroz 
0°O0h-7'8 Z ON 9ag' -uayjoyryyden-2 [1G 
JN 
| » 
Ho00” ‘f 
mu ggg *Buly -. 
ajdind 01 aa 
— s$a[Inojoo pue ; y, J 
0'0b-c'8 foyooje %Q9 | 1°0 07 4 4 ‘ou ulefeqiydjouayd |9c 


— 
— 
=a 
nD 
oe 


13—1845 


194 


MOT[OA (97 ‘ON 9as) 


aped —4a]Ola adueyo puodvas 
0'Zh-0'0F 92 “ON ag ‘S pay UlseziTy |19 
ey Kn = 
| N 
19 oN a 
pai — anyq tun7% “AN ANZ Nace 
bFE-F' 0} wa — | 40 ican O N°CH®O) antq atin [09 
Si sh 
‘ 
p 
HOOD’ 
fHO 0) OfH 
| 4nN | 
YY NS 
aniq | | 
—ssaTInojoos | joyoote %QG | +0'0 HO HO 
G’0}-€°6 Toyoore %0Og | F'O E19” \oey BHD” Noe UTaTeyyydjomAg] |6c 
a a a 
| 5 Zz 
oa ‘pae agued a ang es aaa BINwiog 10389} puy - 
-u0n 


(panuizu02) 67 a1qnZ 


195 


BNtos eNO0D 
Pad-WA01g \ if 
— MOT[AA FYST] bet eee SY 
b'2b-F OF 1018 AA +0 ON <> N=N <> OH MOTaX UlIezITy {99 


= 2 
deI I] — MoT[eA ee: fe a ee ae Oe u 
125-5 OF “ J31BM +0 “ON—-{ Z-N=N-{ Y-OH MOTeK utsezity |eg 
°ON ®NOOD (mOT[eA yuep 
paren deed =~ 4 shee sotto’ 
— AMOTIOA JUST] Ta 6 Sa petto ss a. ae JAOIT[es Xj) 
1°Zb-0°OT 138M 0 \ 7 NEN C? OH MOT[aX UlsezITy [yg 
HOW /SORN 
ton—€ >- N= n-¢ » 
IA— MO y= C 
Hekoaedy: \¢ oy) | 
1°25-0° OF 13qeM r0'0 S°ORN “OIA jouiqden-g leg 
AO] [e4-030eI0 (2 “ON 
— poi-WMoiq 908) edueyo 


8° bh-o OF cS ‘ON aag puodas ‘UlmmMoaN’) |z79 
| 


—— 
Lend 
ee 

=e 


13* 


96 


eSuei0 c'¢ Zon” NON 
— SS9]INO[09 pur | Ne euony 
C €b-S' Uh Joyoote %06 | 1°0 fHO ~OFOIZIUTIT-9°F'Z 1OL 
Sse]IMo[oo (9 ‘ON aes) 
— eels ysintq eduBqd puooes 
ENS FF 9 ‘ON 998 


‘Weald e4ryqouTeW (69 


(MoT]T04 you 

‘ uMOIq Z x “_ Pees routs 

987810 — A\OTTO bg htt Ye -A1q9 =‘ moyTa4 
0°€5-0' FT 1aq8M +0 PN'OS—&\ 7 -N=N <> OH | ppo8) 9 arjoadozy, |gg 


NONE 
ee zs MOT cOpHnir “\/S . / 
“ToA-odts0 HO (| 

O'Eh-O° VF 1678 M S0°0 HO 0O Sd on[g UlqeziTy |19 
aaa a ae 
INO[OI JOO} puy quoatog le ; Z 
23 pues osuer Wd -1U90 BINUIIO 1OJOT PUL , 

-u09 


(panuyuos) GT aqzquy 


197 


(gf “ON 
a8) asueyo 
pai— e30810 puosas “ay 


O°FT-0'°L) Sb ‘ON aag ulindindozusgq |#/ 


e3uB10 
— sgaTinojoo pus | auezueq 
0°74-2 ch joqoore %06E | +0 °ON ~OIPUILT-G'e'h IEL 
O 
t 
~OCS JINN 
= 
MOTTAA — an[q ~~ Ny . > 0” A \stoen Sretoudiasre 
0°7)-9' Fh joyooTes %OG | G2°0 i O eae jeu Z 
BNFOS\ 
2} —ston 
—-N=N—- ; 
pai— moy[ad <? N=/ 


O'VT-S' bh 10}8M 40 ‘ou 4) e80eIQ IPL 


=a 
— 
— 

— 
=P 


198 
Table 20 


Ionic Product of Water at Temperatures 
Ranging from 0°C to 100 °C 


Ky = y+ X 4ou- VEy = a+ = 40n- 


6 — 0.11 xX 1 = 0.33 x 

5 10-14.76 = 0.417 x 10-14 10-7.88 = 0.42 x 
10 10-14.563 = 0.30 x 10-14 10-7.27 = 0.54 x 
15 10-14.34 — 0.46 « 10-14 10-7.17 = 0.68 x 
16 10-14.30 — 0.50 x 10-14 10-7.15 — 0.71 x 
17 10-14.26 — 0.55 x 10-14 10-7.135 = 0.74 X 
18 10-14.22 — 0.60 x 10-14 10-7.11 = 0.77 X 
19 40-14.19 — 0.65 x 10-14 10-7.10 —= 0.80 X 
20 40-14.16 — 0.69 x 10-14 10-7.08 — 0.83 X 
21 40-14.12 — 0.76 x 10-4 10-7.06 — 0.87 xX 
22 40-14.09 — 0.81 x 10-14 10-7.05 = 0.89 x 
23 40-14.06 — 0.87 x 10-14 10-7.03 = 0.93 x 
24 10-14.03 —= 0,93 x 10-!4 10-7.02 = 0.96 x 
25 40-14.00 = 1.00 x 10-14 10-7.00 — 1.00 x 
26 {0-13.96 — 4.10 x 10-14 10-6.98 = 1.05 x 
27 40-13.93 — 1.17 x 10-14 40-8.97 :-= 1.07 x 
28 40-13.89 = 4.29 x 10-14 10-6.95 = 4.12 x 
29 10-13.86 — 1,38 «x 10-14 10-8.93 = 1.17 X 
30 40-13.83 — 1.48 x 10-14 10-°.92 —= 1,20 X 
31 40-13.80 — 1,58 x 10-}4 10-6.90 = 1,26 X 
32 10-13.77 — 1.70 x 10-14 10-8.88 = 4.29 x 
33 40-13.74 — 4,82 x 10-14 40-6.87 — 1.35 x 
34 40-13.71 — 1,95 x 10-14 10-8.86 — 4,38 x 
35 40-13.68 — 2.09 x 10-14 40-8.84 — 4,45 x 
36 40-13.65 — 2.24 & 10-14 10-6.83 — 1.48 x 
37 40-13.62 — 2.40 x 10-14 40-6.81 — 1.55 x 
38 40-13.59 — 2.57 X 10-14 40-6.80 = 1.58 x 
39 40-13.56 — 2.75 & 10-14 40-6.78 — 1.66 x 
40 40-13.53 — 2.95 x 10-14 10-6.77 = 1,70 X 
50 40-13.26 — 5.50 x 10-14 10-§.63 — 2.34 
60 40-13.02 = 9.55 x 10-14 10-8.51 — 3.09 x 
70 40-12.80 = 15.8 x 10-14 10-8.40 = 3,98 x 
80 40-12.60 — 25.1 x 10-14 10-8.30 = 5.01 
90 40-12.42 — 38.0 x 10-!4 10-8.21 = §.17 X 
400 40-12.26 — 55.0 x 10-14 10-§.13 = 7,41 X 


199 


"ELy ‘d aes ‘aTqey eq} JO asn aq} 104 * 


— 64°0— 00°0 co'O+ | 60°O+ | FFO+ = = ulejeyyqd [ouAgyL 
6h'0— | 2b'0—- 00°0 co‘o+ | 60'0+ | 2F'o+ | 9F'0+ a Se See as Oe 
-deqo puovas ‘anjq [omAT], 
00°0 00°0 00°0 00°0 00°0 00'°0 — = edueyo ysiy ‘anyq [ouAyL 
wz0— | 96°:0— | 00°0 | So°O+ | OF'0+ | @h'0+ | 8F'0+ = "7" + urepeyzqdjoueyg 
6z'0— | 02'0— 00°0 400+ | 20°0+ | FhO+ | 2e'0+ | ¥F'0+ " " * per foueqg 
00'°0 00'0 00°0 00°0 00°0 00°0 00°0 00°0 ° per [Aq 
00°0 00°0 00°0 00°0 00°0 z0'O— | ¥0'0— | ¥0'0— : esueio [AqIOW 
6h'0— | 9F0— 00°0 co'o+ | zeo+ | ebo+ | spot = ‘ * par joueqdor0[qy 
8c 0O— | 02°0-—- 00°0 70'0+ | zo o+ | HOt | zb'ot+ | 7P'O+ an[q jouAqomo1g 
St'O— | OF O— 00°0 orot+ | erot | FR'O+ | FP'O+ | St'O+ an{q joueqdomoig 
91°0— | z24'0— 00°0 co'o+ | yrO+ | 9F'0+ | Bt'ot+ | 42'0+ (uae18 [osero 
-OWl01g) an{q [osel2s0m0Ig 
U0279aLL109 2709 
e (10M) : : ‘ ‘ : , 
ow a7 10 S00 Z0°0 10°0 600-0 $z00°0 


Yy32ua13s duo] 


10} e901 pul 


(}°0 03 Tenbe st pasn suornyos Jaynq aoedaja1 ay} Jo 4}9U9I14s DIUO]) 
UOIINTOS & JO YIGUaI}s DIVO! yWasayIp ye SIOJLOIPUI 4UeIIOdUII 4sOUI ay} IO} SUOT}I9LI09 4eS 


zSUOI]N[OS Jo Fd aq) Jo uONeUIMIajaq 911j9MIT10[07) 


ke PATEL 


200 
Table 22 


Ionization Constants of Indicators 
(pK; at different ionic strength} 


‘(¢== temperature of experiment) 


A. Monochromatic Indicators 


pK (at a zero pK, (t=20°C) 
jonic strength 
Indicator and different Ionic strength, » 
temperatures) 
A=t— 20°C 0.01 | 0.05 | 0.1 | 


Pentamethoxy red : 1.86 ]1.86 
Quinaldine red : : — |2.90 
a-Dinitrophenol ; : 3.95 | 3.90 
6-Dinitrophenol ‘ 3.95 |3.90 
y-Dinitrophenol : : 5.12|5.10 
p-Nitrophenol , — | — 
m-Nitrophenol . 8.30}8.25 


B. Dichromatic Indicators 


pK; (t=20°C) 


K 
Indicator (ionic perenaiii = Tonic strength, p 
0.01 | 0.05 | 0.4 | 0.5 


Thymol blue (acid 


region)* . .. . | 4.65 (15-30°C) | — |1.65) 1.65) 1.65 
Methyl orange* 3.46 See 3.46] 3.46} 3.46 | 3.46 
= 20° ) 


Bromophenol blue | 4.10 (15-20 °C) | 4.06 | 4.00/3.85| 3.75 (KCl) 


Bromocresol blue 


(bromocresol 
greon) ..... 4,90 (15-30 °C) | 4.80] 4.70] 4.66] 4.50 (KCl) 
4.42 (NaCl) 
Methyl red* ... Frais mee 5.00/5.00}5.00/ 5.00 
t= ‘ 
Chlorophenol red 6.25 —0.005 |6.15}6.05}6.00/5.9 (KCl) 
t= 20°C 5.85 (NaCl) 
Bromocresol purple | 6.40 — 0.005 |6.28)6.21/6.12|5.9 (KCl) 
(t = 20 °C) 59.8 (NaCl) 
Bromothymol blue | 7.30 (15-80 °C) | 7.19]7.413| 7.10) 6.9 (KCl) 
6.8 (NaCl) 
Phenol red... .{ 8.00—0.007 |7.92|7.84]7.81| 7.6 (KCl) 
(t = 20 °C) 7.5 (NaCl) 
Thymol blue . . . | 9.20 (45-30 °C) [9.01 | 8.95] 8.90 — 


* Methyl orange. methyl red and thymol blue (acid region) have an 
advantageous feature, i.e., their constants are scarcely affected by the 
electrolytes present, up to an tonic strength of 0.5, 
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Table 24 


Universal Indicators 


1. 100 mg of phenolphthalein, 200 mg of methyl red, 300 mg 
of methyl yellow, 400 mg of bromothymol blue and 500 mg of thymol 
blue are dissolved in 500 ml of 96% alcohol, then 0.4 V solution of 
ara soda is added until the appearance of a pure yellow colour 
pH 6). 


Colour. . Red Orange Yellow Green Blue 
PH ... 2.0 4.0 6.0 8.0 10.0 


2. 15 ml of 0.1% solution of methyl yellow, 5 ml of 0.1% solution 
of methyl red, 20 ml of 0.1% solution of bromothymol blue, 20 ml 
of 0.1% solution of pheno patna and 20 ml of 0.1% solution of 
thymolphthalein are mixed. 


Colour ...... Pink Red-orange Orange 
EUs, ot Go ate wk 1.0 3.0 4.0 
Colour ...... Yellow-orange Lemon yellow Yellow-green 
PE SS ees cece He 3 6.0 7.0 
Colour ...... Green Blue-green Violet 
H 9.0 10.0 


3. 70 mg of tropeolin 00, 100 mg of methyl orange, 80 mg of methyl 
red, 400 mg of bromothymol blue, 500 mg of phenolphthalein and 
100 mg of alizarin yellow R are dissolved in 100 ml of 90% alcohol. 


Colour ...... Orange-red Red-orange Orange 

a er eee ae 2.0 3.0 4.0 
Colour ...... Yellow-orange Orange-yellow Yellow 
pH, : 9.0 6.0 6.5 
Colour ....... Green-yellow Green Green-blue 
PER * 3. tbs e. Seer ce 7.0 8.0 9.0 
Colour. ..... Blue-violet Violet Red-violet 
DEG. goo 2; oan sh, ox 9.5 10.0 12.0 


4. 100 mg of methyl] red, 100 mg of bromothymol blue, 100 mg 
of a-naphtholphthalein, 100 mg of phenolphthalein and 100 mg of 
thymolphthalein are dissolved in 500 ml of 96% alcohol. 


Colour .. Red Orange Yellow Green-yellow 
PH é ses 40 0 6.0 7.0 

Colour Green Blue-green Blue-violet Red-violet 
pH... . 8.0 9.0 10. 11.0 
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Table 28 


Indicators Commonly Used in Complexonometry 


No. Indicator Formula | 
4 | Acid Chrome OH OH 

eae ox | mn 

cial (Chro- = NNN __ANZ™ 

me Black NaO3S Nu res — 

Special \ \/ NG 

ET 00: \_F 

Eriochro- O.N” 

me Black 7 

T) 


* RE stands for rare-earth elements, lanthanoids. 
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: Ions bet 

Concentration dererained © eee Change in colour 
Mixture of A]3+ pH 7-8; back titra- | Wine red—blue 

indicator tion with a zinc 

(1 wt. %) salt solution in the 

and solid presenceof pyridine 

sodium Ba2t pH 10; titration in 

chloride the presence of 

magnesium comp- 

lexonate 
Bis+ pH 9-10; back titra- 


tion with a zinc 
salt solution 


Ca2+ pH 10; addition 
of magnesium 
complexonate 

Cd2+, Co3+,} pH 10 

Mg?*, 

7n2t 

Cr3+ Alkaline medium; 


back titration with 
a manganese salt 
solution 

Fest, TiJY | Back titration with 
a zinc salt solu- 
tion in the pee 
gence of pyridine 

Ga3t pH 6.5-9.5; back tit- 
ration with a zinc 
salt solution 


Hg?2+ pH 9-10; addition 
of magnesium 
complexonate 

In’+ pH 8-10; in the pre- 


sence of potas- 
sium-sodium tar- 
trate 

Mn?2+ pH 10; addition of 
hydroxylamine 
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No. Indicator Formula | 
1 | Acid Chrome OH OH 
eae J | 
cial (Chro- £6 \wnen_4r7s 
me Black Nass <> pia | 
Special —* IVAW 
ae 0; QF 
rioch- re 
rome O2N 
Black T) 
2 | Acid Chrome HO HO OH 
Blue K | nen. J J 
SOO 
e NaO g/ \/N/Ng0.Na 
NaQ3S 
3 | Acid Chrome OH OH NH, 
Green G On / \4A\7 
(palatine ) | | | 
chrome NG Na0O3S “N/A S47 s05Na 
green) | 
NOo 
4 | Alizarin See Table 19, No. 26 (p. 184) 


Red § 


Concentration 
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Table 28 (continued) 


Conditions of 


Jons being 
determination Change in colour 


determined 


Mixture of 
indicator 
(1 wt. %) 
and solid 
sodium 
chloride 


Ni2+, Pb2+ | pH 10; back titra- | Wine red—blue 
tion with a mag- 
nesium salt or a 
zinc salt solution 

T]8+ pH 10; back titra- 
tion with a mag- 
nesium salt solu- 
tion or an addi- 
tion of magnesium 
complexonate 

ylV pH 10; back titra- 
tion with a man- 
ganese salt solu- 
tion 


sn wn MS 


Aqueous solu- 
tion 


Ca2+ pH 12 Pink—gray-blue 
Mg2+ pH 10-11; ammomia 
buffer 
Cd2+, Zn2+ | pH 9-10; ammonia 
buffer 
Mn2+ pH 10; ammonia 
buffer 
Pb2t+ pHi 10; in the pre- 


sence of tartrate 


bi Ne oe i ee eS 


0.5% aqueous 
solution 


Ca2+ pH > 12. Used in Brownish oran- 
mixture with ge—preen 
0.25% aqueous so- 
lution of naphthol 
yellow in the ratio 
of 41:2 (hydro- 


ne II) 
Gast pH 3 Blue—pink 
ee ene een Sener et eee eee eee ee ee 
0.05% aqueous} Thi’, RE | pH 2.2-3.4 Pink—yellow 
solution Sc3t pH 2 
Al3+ pH 3.5-3.6; back tit-| Yellow—pink 


ration with a tho- 
rium nitrate solu- 
tion 
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No. Indicator | Formula 
9 | Arsenazo | See Table 49, No. 7 (p. 362) 
6 | Benzidine HN —~< S —~ \- NH, 
7 Beryllon II NaOss. pv 803Na 
| oil 
Y \F 
N bu . 4H.O 
\ OH OH 
| 
00 
Na0,8% S“ \7sO3Na 
8 | Bromopyro- O 
gallol red, 4 y ‘d Ba 
pate NN o/\ PN 
| 
pyr 


|| 
\7 
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Table 28 (continued) 


Concentration tp eclecatae| ee Change in colour 
— Pul¥ 0.4-0.247 HCl Violet—pink 
Thi¥ pH 1.6-3 
uIY pH 1.7 
RE pH 7 


Ca2+, Mg2+ | pH 10 


a ee Oc 


1% solution in| Al3+, Bi3t+, | Buffer solution: 500 g | Colourless—blue 
Fest, of ammonium ace- 


glacial ace- 
lic acid Gast, tate and 20 ml of 
Snl¥ glacial acetic acid 
IV. in one litre. Addi- 
Ti tion of Fe(CN)§- 


and Fe(CN)g-, and 
back titration with 
a zinc acetate so- 


lution 
0.02% aqueous | Be2t pH 12-13.2 Blue—violet 
solution Mg?+ pH 10 Blue-violet— 
violet-red 


a 


0.5% solution | BiSt pH 2-3; HNO; Red—orange- 
in 50% al- yellow 
cohol Pb2+ pH 5-6 Blue-violet— 
ro 
Ni2+, pH 9.3; ammonia Blue—wine red 
Co2+,Cd2+} buffer 
Mg2+, Mn2+| pH 10; ammonia Blue—violet- 
. buffer re 
Pd2+, T13+,| Back titration with 
Fest, a lead salt or a bis- 


In3+,Ga3+} muth salt solution 


15—1845 
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Formula 


No. Indicator | 


9 | Calcein: see Fluorexone, No. 24 (p. 232) 


10 | Calces (Pat- HO 
ton-Reeder ~~ 
ye; - N _n_4F7 \_ 
HHSNN) NaQss af N=N \ COOH 
= ~\ fo ™ 
XY DG \_ FG 
11] Calcion sa ae 
HO N==N— ANN 
HO a Y \, NaOs87\7 S73 0.Na 
I 
UNIS Naoss’ “™ “SosNa -HeO 
LS/INO™ 
O38 SO3Na 
42| Calcon (Acid /oO0H HOV pooaNa 
Alizarin — — 
| ne 
Red V; ay V—— Sy, 
ae = Vin 
me re \Y y 
RE 
) Ng03Na 
13 Gueleene: oA cag 
(Eriochro- —{ = 
me Blue- € S-N=Nn—€ \- H,0S 
Black R; PH Vim 
Erio R) SG Wj Ne 
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Table 28 (continued) 


Conditions of 


Ions bein 
determination Change in colour 


Concentration determined 


reer err 


Mixture of Ca2+ pH 12-14 Wine red—blue 
indicator 
(1 wt. %) 
and solid 
sodium 
chloride 
SN a 
42 Crimson—bril- 
aa ad vee liant blue 


i es ee 


Yellow—oran- 
O86 aqueous | Ca?t pH 13 ge-red 


solution 

(10 ml) with 

the addition 

of 0.02% 

aqueous so- 

lution of 

methylene 

blue (40 ml), 

0.4% solu- 

tion of po- 

tassium salt 

(calculated 

on the basis 

of Ca2+) 

(5 ml) and 

water (25 ml) 

— Ca2+ pH 14. 5s NH3; Pink—blue 
pH 12. 5-13; NaOH 
Cd2t pH 11.5; NH; 
Mg2+, Mn?+,! pH 10; ammonia 
Zn2+ buffer 


15* 
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No. Indicator Formula 
44 | Chromasurol H3C CH3 
S (Erioch- Ho. | 0 
romasurol Wr \4 
S; albe- | | 
eee Hooc’ \/ \c7\¥\coox 
Cl Cl 
vA nid 
\/™s03H 
a Chromogen Black Special ET 00: See Acid Chrome Black Spe- 
16 saute CH3 CH3 
Green | | 
“SO Jn 0° 
Hooc’ “7 \cZ ww, \cooH 


a = 
ec —€ S- OH 


~ \coou 


Ions bein 


Concentration determine 


0.4% aqueous | Alst+ 
solution 
Ca2t 


Cu2t 


Fest 


Mg?2+ 
Ni2+ 

RE3+ 
Thy 
VO2r 


Conditions of 
determination 


pH 4; acetate buffer, 
80 °C 


pH 11; NHg3 


pH 6-6.5; acetate 
buffer 
pH 8-10; NHs3 


pH 2-3; chloroacetic- 


acetate buffer, 
60 °C 

pH 4141; NH; 

pH 11; NH3 

pH 8; pyridine+ 
-+NHs3 


pH 1-3; HNO; 


pH 4; acetate buffer 
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Table 28 (continued) 


Change in colour 


Violet—yellow- 
orange 

Pale red-oran- 
ge—yellow 

Blue or blue- 
violet—green 

Violet—yellow 
or yellow- 
green 

Greenish blue— 
yellow-orange 


Dirty red—yel- 
low 

Blue-violet— 
yellow 

Violet—yellow 


Red-violet— 
orange 

Blue-violet— 
red-orange 


cial, No. 1 (p. 220) 


eS 


= Mg?+, Ca2t+ 
u2t 


Ni2t 


THY 
VO2t 


pH 11 


Red—green 
Red—orange 
Red—green 


Violet—red 
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No. Indicator | Formula 

17| 3, 3’-Dime- Anifen 
‘thylnaph- N=/ \ ff 
thidine if Ne J ON: 
(DMN) ER JG 

H3C7 NCH; 

18} Dipheny] See Table 27, No. 8 (p. 217) 

carbazone 


19| Dithizone See Table 49, No. 43 (p. 376) 


20| Eriochrome Black T: See Acid Chrome Black Special, No. 1 


21| Eriochrome OH OH 
Black B oo NA 
ac = QQ —_N _ Va 
Naoss—& S—N=N ‘i | 
a AW 
Ne 
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Table 28 (continued) 


Concentration Agrees pene sions of Change in colour 
194 solution Zn2+ pH 5; in the presence Violet—colour- 
in glacial of Fe(CN)2Z- less 
acetic acid | Al8+, Cd2+, | pH 5; back titration 
Cutt, in the presence of 
Ni3t, Fe(CN)3- 
Pd3+ 
0.2% alcohol | Hg@+ pH 1; HCI-KCl Blue-violet— 
solution colourless 
Phat pH 4.5-6.5; acetic- | Red—colourless 
acetate buffer 
0.075% solu- | Cd2t pH 4.5; 50% alcohol | Pink—yellow 
tion in ethyl | Zn@+ pH 4-6; 50% alcohol} Pink—blue, 
alcohol or dimethy] ketone een or yel- 
ow, depen- 
ding on pH 
Ni2+ pH 4.5; 60% alcohol} Pink—yellow 
Pb2+ pH 4.7-5.4; 50% al- | Pink—yellow 
cohol in the pre- 
sence of urotropi- 
ne buffer 
Al8+ pH 4-5; 50% alcohol; 
back titration with 
a zinc Salt solu- 
tion 
(p. 220) 
0.4% solution | Ca?+, Cd2+ | pH 11.5; NH3 Red—blue 
in methanol| Mg?t, Zn?+} pH 10; ammonia Red—blue 
buffer 
UIV 0.01-0.2¢@ HCl, hot | Blue—red 
solution 
ZriV 0.01-0.54/ HCl; 50% | Blue—red 


methanol, hot so- 
lution 


No. Indicator Formula | 
22) Eriochrome VIN fr. Ze. 
Red B Sa Ae ae 
Na0,8 << >- N=N—C=C% ‘=~ 
NOH bs 
23 Eriochrome H3C CH3 
Cyanine R Ho. | | o 
X ‘N7 
Hooc’ S7\c¥7 \7 \cooH 
| 
\ oust 
4 
24| Fluorexone HOLA nw 
(calcein, | woocHc ( | ) CH2COOH 
fluorescein we: Hy of VN GAS SGHies XK 
a HOOCH2C” \ COOH cHsCOOH 


Concentration 


0.4% aqueous 
solution 


2% aqueous 
solution or 
solid mixtu- 
re with 
KN Os in the 
ratio of 
4: 4100 


Ions being 
determined 


Ca2t 


Cut 


Mn*+ 


Ni@t 
Pb?+ 


Zn2+ 


Al8+ 


233 


Table 28 (continued) 


Conditions of 
determination 


pH 10; ammonia 
buffer 

pH 2; chloroacetic 
acid 

pH 4; acetate buffer 

pH 8-10; ammonia 
buffer; ascorbic 
acid 

pH 4-6; acetate 
buffer 

pH 10; ammonia 
buffer; tartrate 

pH 6.5; urotropine 
buffer 


pH 5-6.3; acetate 
buffer, back titra- 
tion with a zinc 
salt solution, 
70-80 °C 

pH 1.4; hot solution 


pH 2-3; cloroacetic 
acid-acetate, 60 °C 


pH 2-2.5 


pH > 12; KOH or 
NaOH 


pH 11.5; NHs3 or 
pH 12.5; KOH 


pH 10-14; ammonia 
buffer 

pH 8-11; ammonia 
buffer + NH,OH 


Change in colour 


Red—yellow 
Purple—yellow 


Purple—green 
Red—yellow 


Purple—pale 
yellow 

Orange red— 
yellow 

Red—yellow 


Yellow—violet 


Pink—colour- 


less 
Violet—yellow 

or green 
Purple—pink 


Fluorescence— 
blue or green 

Fluorescence— 
pink, almost 
colourless 
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No. Indicator | Formula 
29| Glycinthy- HsC CH3 HsC CHs3 
mol blue ‘WH a 
(GTB) HO |! 1 0 
bai en 
! 
HOOCH;CHNH,C’ Y \_ y, v, \CHgNHCH,COOH 
1 CH3 
ae 
\/ 
26 | Glyoxal-bis- 
ee “ pou mS an 
xyanil) 
(GBHA) \Z\n =CH —CH=N% SA 
27 re a See Table 19, No. 34 (p. 186) 
in 
28 | Hydroxyhy- HO O O 
he iG \7 \oN4 
ink (hy- 
droxyhy- to” ON cd SONon 
oquinone | 
sulphond a / SOsH 
thalein) | 
\7 
29 | Magneson NAO X . yo ON 
~S-nen-¢ 5 
S-7 SC -H,0 
c]% oN 
Ne 
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Table 28 (continued) 


Concentration | eomemvauin | tas | atintat | congener ies | pata a Change in colour 
0.195 aqueous | Cu?t pH 5-6; urotropine | Blue—yellow 
solution buffer 
Zn2+ pH 7.5; pyridine 
buffer 
= Ca2+ pH 13 (in the pre- Te eee heetaceenstnaeee| eteiearsticg: | 
sence of KCN, the 
end point is more 
distinct) 
0.5% solution | Al$+ pH 6; back titration | Yellow-green— 
in 90% al- with an alumi- pink 
cohol nium salt solution 
Bi3+ pH 1-2; HNO; oe ae yel- 
oe pH 2 Orange—yellow 
pH 4-1.5 Pink—yellow 


0.1% aqueous | Th'Y, Bi3+ pH 2.4-3; acetate Pink—yellow 
solution buffer 


0.01% solution] Mg?+ pH 9.8-11.2 Red—blue 
in water or | Ca2+, Cd2+ | pH 11.5; NHg3 
acetone Ba2+, Sr@t+ | pH 12.5; (Coll;).NH 


acetate buffer 
Ni2t+ pH 4; hot solution | Red—orange 
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No. Indicator Formula 


30} Metallphthalein: See Phthalein complexone, No. 39 (p. 242) 


31] Methylthy- H3C CH3 H3sC CHs 
mol blue ‘4a Be 
(MTB) HO | | oO 
aid y. 
HOgCHAC Ze bk CH2COOH 
,. N-CH2 A Vi | HeC-N xf 
HOOCH:C CHs l CHs  \cHscooH 
prs Sost 


Concentration 


Solid mixture 
of the indi- 
cator with 
KNOs3 in the 
ratio of 
1: 100 


Tons bein 
determine 


Ba?+, Sr2t+ 


Ca2t+ 
Mg?+ 


Bist 
Cd2+ , Co2+t 


RE 


Sn2t+ 


7Zn2t 


TrlV 


Ga3t : In3+ 
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Table 28 (continued) 


Conditions of 
determination 


pH 10-11; ammonia 
buffer 

pH 12; NH3 or NaOH 

pH 10-11.5; ammonia 
buffer 

pH 1-3; HNO3 

pH 5-6; urotropine 
buffer 

pH 12; NHs 


pH 11.5; NHs3 


pH 4.5-6.5; urotro- 
pine buffer — 
pH 6; urotropine 


buffer 

pH 3-4; acetate buff er 

pH 6-6.5; urotropine 
buffer 

pH 11.5; NH3. 

pH 6; urotropine 
buffer 

pH 12; NHg in the 
presence of tart- 
rate 

pH 6; urotropine 
buffer 

pH 2.2; HNO3 ; 

pH 5.5-6; pyridine-+ 
+-acetate- F- 

pH 6-6.5; urotropine 
buffer 

pH 12; NH3 

pH 1-2; chloroacetic 
acid, 90°C 

pH 4.5-6; acetate 
buffer 


Change in colour 


Blue—gray 


Blue—yellow 


Blue—gray or 
colourless 
Blu -—colour- 

less or gray- 


green 
Blue—yellow 


Blue—yellow 


Blue—gray 
Blue—yellow 


Blue—gray 
Blue—yellow 


Blue—yellow 
Blue—yellow 


Blue—gray 
Bluc—red 


Disappearance 
of tluores- 
cence 
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Formula 


Indicator 


No. 


32| Morin: See Table 25, No. 25 (p. 211) 


33} Murexide HN—CQ OC—NH 
| 
OC C—N=C CO 


| ll | | 
HN—C OC—NH 


| 
ONH,-H,0 


34] Naphthol ON 
yellow aw 
NaO I of NOs 
ma, 
YF 
Na0,S” 
35} Naphthyla- HO3S 
zoxine VAN | 
QO 
a a — \ 4 
OH 
36 | PAN[1-(2-py- “en 
ridylazo)- VN \_ 7 
naph- | Wess N-=N sa 
thol-2] ww 
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Table 28 (continued) 


Conditions of 
determination 


Ions bein 


determine Change in colour 


Concentration 


Disappearance 
of tluores- 
cence 


el 


Ga3+, In3+ | pH 4.5-6; acetate 


buffer 


Mixture of the | Ca?+ pH >} 12 Red—violet 
indicator Co?+ pH 8; NH3 
(0.2 wt. %) | Cutt pH 7-8; NH3 Orange—violet 
and solid | Ni?+ pH 8.5-9.5; NH3 
sodium chlo-| Agt pH 10-11.5; NHs Red—violet 
ride Pd2+ Addition of Yellow—violet 
K Ni(CN)4-+ 
+-NH,OH 


BN Fa cc cn ee 
Used in mixture with Acid Chrome Dark Green G (No. 3) 


Sn 


ee Cu2t pH 3.5-6.9; acetate | Yellow—red 
buffer 
pH 9.3; ammonia Yellow-green— 

buffer pink 

Mn2+ pH 6.7-7.0; acetate Yellow—red 
buffer 

Ni2t pH 5.5-6.5; acetate 
or pyridine buffer 

Pb?+ pH 6-6.5; acetate or 
pyridine buffer 


a Ne 


0.1% solution | Bi3+ pH 1-3; HNO3 Red—yellow- 
in ethanol green 
or methanol 
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Formula 


No. Indicator | 


| 
z0)-naph- 


36| PAN [1-(2- ~ S 
pyridyla- oN Ze 
| | i S 
thol-2] \ / »= 4 
N f 
HO 


37| PAR [4-(2- 
pyridyla- 
z0)-resor- 
cinol] 


On 
\27 
Zz 
Tl 
wn 
| 
fo w 
pny a 
\ 
© 


Ions being 
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Table 28 (continued) 


Conditions of 
Change in colour 


Concentration determined determination 
0.1% solution | Cd2* pH 5-6; acetate Pink— yellow- 
in ethanol buffer green 
or methanol | Cu?+ pH 3-5; acetate 
buffer, 70-80 °C 
pH 9-10; ammonia | Violet—yellow 
buffer, 50 °C 
In3+ pH 2.3-2.5; acetate | Red—yellow 
buffer, hot solution 
Ni2t pH 4; 25% metha- | Violet-red— 
nol, 50-70 °C yellow 
ThiY pH 2-3.5; HNO3 Red—yellow 
T 13+ pH > 1.8; chloroace- 
tic acid, hot solu- 
tion 
Zn2+ pH 4-6; acetate 
buffer 
Al3+, 
Cat, | 
Co2t 
Fe3t 
lig?t, 
Ga**, 
Mg?t, Back titration with 
Mn?t, t a cupric salt soju- 
Mo’, tion 
Ni2t, 
Pb2t, 
RE, 
UO;*, 
voz" | 
0.1% aqueous | Bi3t pH 1-2; HNO3 Red—yellow 
solution T158+ pH 1.7; hot solution 
In3+ pH 2.3-2.5; 60-70 °C 
Heg2+ pH 3-6 Red—yellow- 
orange 
Cd2t pH 6-11.5; ammonia | Red—yellow 
or urotropine buffer 
Cu2+ pH 5; acetate 
buffer 
pH 6; urotropine Wine red—yel- 
buffer low or green 
pH 11.5; ammo- 
nia buffer 


16—1845 
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No. Indicator | 

37| PAR [4-(2- 
pyridyl- 
az0)-resor- 
cinol] 


Formula 
orree i 
YY 
OH 


38} Patton-Reeder Dye: See Calces, No. 10 (p. 226) 


39 | Phthalein HOOCH,C CH .COOH 
7 aN NZ 
complexo Pin , 
ne (metall- HOOCH,C7 | | \CH,COOH 
phthalein; HC CHe 
phthalein Ho. |! | o 
purple; \4AN 4n4 
cresolph- | || | | 
thalexone) HC 1 \/\ C4 \4NcH ' 
| cooH 
‘y 
\/ 
40 Ey rocates H rf a 
chin violet 0 
(pyrocate- Ny Ac ANG 
chin sul- | | 
phophtha- NAN c7 NF 
lein) | 
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Table 28 (continued) 


Concentration per peaearpen eae one Change in colour 
0.494 aqueous | Mn?+ pH 9; ammonia Red—yellow 
solution buffer 
Ni2+ pH 5; acetate buffer, | Red—yellow 
90 °C 
Ph2t pH 5-9.6; urotropine| Red—yellow 
or ammonia buffer 
RE and Y+| pH 6; acetate buffer | Red—yellow 
Znet pH 5-41.5; urotropi- | Red—yellow 
ne or ammonia 
buffer 
(a) 0.59% aque- | Ba2+, Sr2+ | pH 10.5-11; addition | (a) Red-violet— 
ous solu- of ethanol pale pink or 
tion colourless 
(b) mixture of | Mg*+ pH 10-11; NH3; ad- | (b) Red—pale 
0.4 g of dition of ethanol gray 
phthalein Ca2+ pH 10-41 
complexone, | Cd2t+ pH 10; ammonia 
0.005 g of buffer + 30% of 
methy!] red ethanol] 
and 0.005 g 
of diamine 
green in 
100 ml of 
water 
0.494 aqueous | Bi3+ pH 2-3; HNO3 Blue—yellow 
solution Cd2+ pH 10; ammonia Greenish blue— 
buffer red-violet 
Co2+ pH 9.3; ammonia 
buffer 
Ni2t pH 8-9.3; ammonia 
buffer 
Cu2t pH 5-6.5; acetate Blue—yellow 
buffer 
pH 6-7; pyridine 
buffer 
pH 9.3; ammonia Blue—red-vio- 
buffer let 


S| 
16* 


DAA 


No. Indicator Formula 


40 | Pyrocate- HO OH 
chin violet Ho. | "| 


yrocate- a ~a 


chin sul- Ly 
phophtha- \) Lao \A 


lein) 


is a 
BONY 4 ty? 
aN \cF \A 


41| Pyrogallol 
red 
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Table 28 (continued) 


Concentration Ne car aetecinedi on Change in colour 
0.1% aqueous | Fest pH 5-6; pyridine-ace- | Blue—yellow- 
solution tate buffer green 
Gast pH 3-3.8; acetate Blue—yellow 
buffer 
In3+ pH 5; acetate buffer, Blue—yellow 


hot solution . 
Mg2t, Zn2+| pH 10; ammonia Greenish blue— 


buffer red-violet 
Mn2t+ pH 9.3; ammonia 
buffer +- NH20OH 
ThlY pH 2.5-3.5; HNOs, Red—yellow 
40 °C 
Pb2+ pH 5.5; urotropine Blue—yellow 
a buffer 
+ 
Ga?+, Back titration with 
Ins*, a cupric or bismut 
ee salt solution 
Th’, 
T 13+ 
SnlV pH 5; back titration 


with a zinc salt 
solution, 70-80 °C 


a a 


0.05% solution | Bi8+ pH 2-3; HNO3 Red—orange- 
in 50% etha- yellow 
nol Co2+, Ni2+ | pH 9.3; ammonia Blue—wine red 
buffer 
Pbh2t pH 5-6; acetate Violet—red 
buffer 
Cu2t, 
Fest, Back titration with 


In3+, bismuth salt solu- 
Pd?+, tion 


Gast, a lead salt or a 
Thl¥ | 
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No. Indicator Formula 


42} SPADNS OH OH 
| | 
“N(\—N=N—€ S—S03Na 
Na03s” S“ \7 \go3Na 
43 eee N=N—NH ne 
sene (plu- | 
mbone) meee AN O e 
* A “7 
NOs N= N 
441 Sulphonazo HO3S SO3H 
\4AN4\7 
OC 20 
N=N“ \/\/ 
4 OH NH 
& ~_ 
\=/ OH 
SO, 
La H OH NH 
Saye es 
N=n-( tS 
eS yee 
45 | Sulphosali- HO3S COOH 
cylic acid NA\7 


\7oH 


46| Thiourea H.2N—C—NHe 
| 
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Table 28 (continued) 


Conditions of 


Ions bein 
i determination Change in colour 


Concentration determined 


0.4% aqueous ZrlV pH 1.5-2.5; HNOs3 Red-pink— 


solution : orange-red 
0.02% aqueous| Th!Y pH 2.5-3.5; HNO; | Violet-blue— 
solution purple-red 


en  ) 


0.05% aqueous} Pb@t+ pH 9.8-10 in the Orange-pink— 


solution with presence of tarta- lemon yellow 
an addition ric acid and am- 
of 1-2 drops monia 


pH 9.3-9.6 in the | ditto 
presence of tarta- 
ric acid and am- 


of 5% ammo-| Zn?+ 
nia solution © 


monia 
0.02% aqueous} Sc3+ pH 5 Blue—violet- 
solution pink 
In3+ Blue-violet— 
violet-pink 
5% aqueous Fe3t pH 2-3; acetate bu- | Red—yellow 
solution ffer, hot solution 
Aqueous solu- | Bist pH 1.5-2.0; HNOs3 Yellow—colour- 


tion or HClO, less 


248 


No. Indicator | Formula 
47| Thoron See Table 49, No. 93 (p. 396) 
(thorin, 
APANS) 
48) Thymolph- HOOCH2C CH2COOH 
chalexone \N nN’ 
HOOCH2C” | | \cHecooH 
Ea Hol 
H3C CH3 
te he 
Be ea J ~\a&@~4F 
| HsC CHg3 | 
He’ \7 WA NON CHs 
Y, 
! 
Aeon 
/ 
49| Thyron OH 
| or 
0.8” *“ \so.H 
50] Variamine YS aiIN 
Blue B CH30 si NH—< _?- NH.- HCl 
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Table 28 (continued) 


Concentration rseear eet Agee oreo: Change in colour 
Aqueous solu- | Bis+ pH 2-3; HNO3 Red—yellow 
tion Thl¥ pH 1-3; HNO3 Violet—yellow 
uty pH 1-1.8; 30°C Red-orange— 
orange-yellow 
0.594 aqueous | Ba2+, Sr2+ | pH 10-41; NaOH or | Blue—gray or 
solution or NH3 colourless 
solid mixtu- | Ca2+ pH 10.5-12; NaOH 
re with or NH3 
KNO3 inthe | Mn2+ pH 10-11; NHs, Blue—colour- 
ratio of NaOH less 
1: 100 
2% aqueous Fest pH 2-3; acetate bu- | Blue—colour- 
solution ffer, hot solution less 
1% aqueous Fest pH 1.7-3 Blue violet— 
solution yellow 


Cd2+, Zn2+| pH 5; in the pre- | Violet—colour- 


Als, Ph2t, 


ZrhV¥ 


sence of traces of less 


Back titration with 
a zinc salt solu- 
tion 
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Formula 


No | Indicator 


54] Xylenol HOOCH,C 
orange SN 
HOOCH,C” 
maa orn ON 0 : 
H.C” \/ a \7\cH; 


/SH,COOH 
CH, H,C—N¢ 
CH,COOH 


52) Zincon J (COOH HO. 


Vi 
| yy C (| 
\7NN HN’ “7 \s03H 
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Table 28 (continued) 


Concentration ApeecRanen aereeaioation Change in colour 
0.5% solution | Bist pH 1-3; HNO3 Red—yellow 
in ethanol | ThIV pH 1.7-3.5; HNO; 
Zr HNO; 1M, 90°C 
Sc3+ pH 2.2-5 
In3+ pH 3-3.5; acetate 


buffer, hot solution 
Hg2+, T13+ pH 4-5; acetate bu- 
er 


Cd2+, Fe2+ | pH 5-6; urotropine 
buffer 

Co2+ pH 5-6; urotropine | Red-violet— 
buffer, 80 °C yellow 

RES+ pH 5-6; urotropine | Red—yellow 
buffer, hot solu- 


tion 
Pb2+ pH 5; acetate buffer 
or pH 6; urotro- 
pine buffer 
Zn2+ pH 5-6; acetate bu- 
ffer; pH 7; urotro- 
pine buffer 
Fest pH 1.5; in the pre- | Blue-violet— 
sence of Fe2+, CO. yellow 
atmosphere, 60 °C 


Ni2+, Back titration with 
Pd?+, a thorium (IV) salt 
SnlV | solution 


0.130 g of the | Ca2+, Get¥>| pH 9-10; back titra- 
indicator and} Cot, tion with a zinc 
2 ml of 1M@ Cu2t, salt solution 
NaOH solu- Fest, 

tion in In°+, 

400 ml of Mn?t, 


water Ph2t+ 
Zn2+ pH 9-40; ammonia | Blue—yellow 


buffer 
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Table 30 


Preparation of Buffer Solutions 
(pH ranging from 1.10 to 12.90; ¢ = 20°C) 


Stock solutions 


Solution No. 4: hydrochloric acid, 0.1. 

Solution No. 2: glycocoll NH,CH,COOH (aminoacetic acid, glycin), 
0.14N (7.507 g of glycocoll + 5.85 g of NaCl in 
one litre). 

potassium hydrophthalate, KHC,H,0O, 0.2M 
(40.846 g in one litre). 

sodium citrate, 0.441 (21.014 g of HsC,H;0,-H,O+ 
+ 200 ml of 1N NaOH solution in one litre). 


Solution No. 3 
4 
Solution No. 5: caustic soda, 0.1 
6: 
7 
8 


Solution No. 


Solution No. potassium dehydrophosphate, 14/145M (9.073 g of 
KH,.PO, in_one litre). 
sodium hydrophosphate, 1/15M (11.866 g of 
Na,HPO,-2H,O in one litre). 
sodium tetraborate, 0.05M (12.367 g of HsBOs + 
+ 100 ml of 1N NaOH solution in one litre). 
Chemically pure sodium chloride is recrystallized twice and dried 
at a temperature of 120°C; chemically pure boric acid is recrystallized 
twice out of boiling water and dried at a tem erature of not over 
0°C; chemically pure potassium dehydrophosphate is recrystallized 
twice and dried at a temperature of 110-120 °C; ¢ emically pure sodium 
ydrophosphate is recrystallized twice (during the last crystalliza- 
ion, the temperature of the solution must not be over 90 °C), then dam- 
ped with water and dried for two days in a thermostat at a temperature 
of 36°C; chemically pure citric acid is recrystallized twice (during 
the last crystallization, the temperature must not be higher than 
C); potassium hydrophthalate is recrystallized twice and dried 


at a temperature of 110-120 °C. 


A. Buffer Solutions with pH 1.10-3.50 (HCI-NH,CH2COOH) 


b Every given ariount of the solution (solution No. 2, see above) is 
rought up to 100 ml with solution No. 1 (see above) 


Solution No. 


Solution No. 


pi 0 | 2 3 4 5 6 7 8 9 
Paine | nea (Megan A een Cos, Dreier Re [Nee carom Cree 
111571661 7.5| 8.4| 9.3 | 10.2 [41.4 |12.0 [12.8 | 13.7 
91446 115.4 (16.2 |17.0 ]17.8 | 18.6 | 19.4 | 20.2 | 21.0 | 21.8 
3 1096 | 232 | 23.9 | 24.5 | 25.2 |25.8 | 26.4 | 27.0 | 27.7 | 28.3 
4108.9 129.4 | 30.0 [30.5 | 31.1 | 31.6 | 32.0 | 32.5 | 32.9 | 33.4 
5 1338 | 34.2 134.6 | 35.0 135.4 | 35.8 | 36.2 |36.7 | 37.4 | 37.6 
6 |38.0 | 38.4 | 38.7 |39.4 |39.4 | 39.8 | 40.2 | 40.6 | 40.9 | 41.3 
7141.7 |42.4 |42.4 | 42.8 143.4 143.5 | 43.9 |44.2 | 44.6 | 44.9 
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Table 30 (continued) 
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WO MAINO 190 
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I~ U9 01) Or) St SHEN DY CO © 


C1) CO Od AILS OO xt SY ED et 
LD LM 9 €O CO CO fT fr CE 


WHALO OO xa rt es SHOR 


MOBDAINDBMWKRO 
Lf 1 Lf CO 6D CO re GF re CO 


tT Eh HOO IH 


CY) Lf) OO <a SIDS © HE © 
LO UD LD 6 6 6 BP ~~ f~ 


00 Bh Sf CY £9 1 LD COO <t 


AMINO SY NOMNO 
IN IID DOOORKN © 


LM SHAN OANA N SH co 00 


AMINO mM HROMORD 
NIM In Oc Or~mm hy & 


NIN O92 © SO 0) Od 1 019 19 


CN] Uf P= © 61) © OD 01) CO OD 


HOOD SN 


OTL b= CO) = 


a ba LD LD CO CO COCO Pe 0c 0 OO oO 


om) Oo 
um) CO 


WAH IDININDGDGSSKeEK 


MH HOMO OOOON 


= “fh © 0) CO ON CO oO 


AQYROwa 
SSBaS 


CO O> CO TEN OD SHLD CO = 00 OD OMAN OD SHLD 


N 


cr) 


B. Buffer Solutions with pH 1.10-4.96 (HCl-NaH,C,H,07) 


, see p. 203) 


very given amount of the solution (solution No. 4 


is brought up to 100 ml with solution No. 1 (ibid) 


10 


pt) 


pH 


Ost © OF © SLO 


OM HmMAHORO 
weet et ON ONO 61D 


wt OD CO OS et wt OD CY) si! 


Oto om oO 
STMT AN AIN 


CO 19 1) NH OD © ~ wt OD 


Orx1r oy or oo 
etm ON ON AI OU NI 07D 


OOD=AODOoON 


SITE AN ALAVUN 


NL CO OO NH CO NH OOD <4 


Omr~O M19 re OO 
VIM ON NAINA OD 


OO ML NHN OO © 


~ Mm OMI h OO 
SATION NAAN 0 


TAD DNOINO OA 


mNOONWMK OQ 
SATAN NN NAAN 


W3wt CO OE OO OY 


CON CO ON U9 CO WD OD 
Set MTN AAIUAVNSN 


CO CON SH OO & OF) 6 


ID = CO ON HCO ‘op 
swt SNOT ON A N 


00 <1 O39 1) NI CO 1 NI LD 


Wa en la caca oa 


<4 NI Cr NHL CO Be 00 OD 
<t 
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Table 30 (continued) 
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a MANNN WMOOMEAMNOMO MADINNGrWoO aa a ARANDOO 
CO-OP ANMHONDaAMNH OOWRNrornrs ot DDO a 
TODO OH HHS HIS Gin 1H HW ODOKR ROOD = Oo~n~oaon 
oF DOONAN 
00 ee ON ee Oe SO OS ON Om Bo 00 Oe oe oY 
©OMmong <. MOOMAMMN1D DODONmR~WIN CO ro ~-OnNr~O 
HOone BSISGBVSVSnss BSSSTLSES a OOM Bao 
Sear SODDON 
ies MMOOCD AMODOWROWMM cOMMDAOT0ON —- po = DAINA AD 
OMmMOADD ANMNOPROAMIND ~MOMDONMNDDOM 2, an | OO et Sf Be mt 
C1 OD CD CD SH SN SST SSE SLO LD ID LD OOO BOO OD m eS cco mo COD 
oS cf og COs sao 
COMAAR CAYONDNATH NOAWARMON — o — Be SOncoM 
OeSOR UAYOYOR RADI RPONGOVOHAS =| DAIIN CO AILD 
MOOD stat ee aqinidid NDBODORRDDOS mM oo COdMm 6 c19 
= 2 SOOO 
a AROOOD RBOMNMOMOADA NMNDOMWOOWN Sr e RR OOea 
DDE OD ONMYHOR MERAY RONDHBYRNAD = meq ADAIMBWNC 
CO OD CIO OD HA GID LN NOSGRRAARH = 288 OOr~ DON 
ao 2 -+ ODOnowwo 
, OOM ADBNOOCHAONM CNMEIWHAmHEr IN os Aes - SH SHLD OD OD 
IMDM OD OUMMNYORRMRONY KROANNAMMYWOH So «sd DMOMMdO 
COCO OD ODD AHH SHS SII HHO DOKRRDOAD Pg MOMmOOiN 
N Ore ODONAAC 
s mr ODD POKMHOMMONIN DODNOVOWNDOO 2 a. A: =aANOOS 
Cr Se | ee li e e * e e e 
INDErOD OmMYNrDONY DANNAMRMOMONR r=) =sIROWN 
CIO OD CO OD SNH SH SH SHH 11D LIAN OO OME OO OD a “Ze OO mm coin 
0 OODDON 
a COMINID NKNOMKNMONMN NON AKROMN oe a ONO 
INOM-OD OMNYNNRDONYN ODMDANONDOMAN B eke, tt et Ht 00 
CD ODED ODD SHA AH ID 11D LN IN ODOKRNR OOD e BSA DOr~roip 
| 
ge 2 oot 
DID SHAH SH ODOBMINOOMAO MNRYROWoHoOna 6 3a8 A imiphore 
ee ee , i i i i, Se | e met ID)! en ae ee ee es Ne 
INO OD OMAYVNROONS DOW STONKNDCO ~~ 90 AID 00 4119 
OOD OD OD TD SSH HI 11D ACEN LOO ER OO OD ei Noh moe 
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Table 30 (continued) 


03.00] 52.38] 54.76) 51.14] 50.52) 49.90) 49.28) 48.66) 48.04] 47.42 
46 .80) 46.20} 45.60) 45.00] 44.40] 43.80] 43.20] 42.60] 42 .00) 41.40 


40.80} 40.22) 39.64) 39.06] 38 .48) 37.90) 37 .32) 36.74) 36.16] 35.58} - 
39.00) 34.44) 33.88) 33.32] 32.78) 32.24) 31.70] 31.16) 30.64] 30.12 
29 .60} 29.08] 28.56] 28.04] 27 .54) 27.04] 26 .54) 26.04) 25.56) 25.08 
24 .60} 24.12] 23.64) 23.16} 22.68) 22.20) 21.72) 21.26] 20.80] 20.34 
19.90] 19.46] 19.02) 18.58] 18.16) 17.74) 17.32) 16.90) 16.50) 16.10 
15.70} 15.30] 14.90] 14.52) 14.16} 13.80} 13.44! 13.08] 12.72] 12.36 
12.00} 11.66] 14.32) 10.98) 10.64) 10.30) 9.96) 9.62) 9.28) 8.94 
ec 8.26] 7.92) 7.58) 7.24) 6.90} 6.58} 6.26) 5.94] 5.62 


COnIDEmwheo' wo 


D. Buffer Solutions with pH 4.00-6.20 (NaOH-KHC,H,0,) 


90.0 ml of solution No. 3 (see p. 253) is added to every given amount 
of the solution (solution No. 5, ibid), and the amount of the mixture 
is brought up to 200 ml with water 


of sf alal«[s] sofas] s 
12| 2.46] 2.78] 3.12| 3.44] 3.78 
42| 5.76] 6.08| 6.42] 6.74| 7.08 
78 


2 
4) 
8. 9.14) 9.50} 9.86) 10.24) 10.62 
2.04) 12.94) 13.34) 13.74] 14.16] 14.58 


0 

4.10 4.4 0 

42 
4! 1 


Dh em aS E> OD 


1, 

Q. 26} 16.68) 17.10] 17.54} 17.98] 18.42] 18.86 
0.24) 20.72) 24.22) 21 .72| 22 .22| 22.74) 23.26] 23.78 
2.38] 25.92] 26.461 27.00) 27.54! 28.08] 28.62! 29.16 
0,82) 31.38) 31.94] 32.50} 33.08] 33.66) 34.24] 34.82 
6.06} 37.14) 37.74] 38.34] 38.94) 39.54] 40.16) 40.78 
41 .40| 42.04] 42.68 43 32] 43 .96| 44.60) 45.22] 45 84] 46.46] 47.08 


0 

4 

2 

3 

4 

4) 

6 

7 

8 

9 
.O | 47.70} 48 .32) 48.94] 49 56] 50.18) 50.80] 51.42] 52.04] 52.66] 53.28 
1 | 53.90) 54.50) 55.10) 55.70) 56.30] 56.90) 57.50} 58.10] 58.70} 59.30 
2 | 59.90) 60.50} 61.10] 614.70] 62.28) 62.86] 63.44] 64.02] 64.58] 65.14 
3 | 65.70) 66.24) 66.78) 67 .32| 67.84] 68.36] 68.88] 69.40] 69.90] 70.40 
4 | 70.90} 71.38} 7 
5 | 75.60] 76.04) 7 
6 | 79.70} 80.08) 8 
7 8 
8 

9 

0 

{ 

2 


e 2.34] 72.82) 73.30] 73.76) 74.22] 74.68) 75.14 
0. 
3. 
6. 
9, 


88] 77 .30) 77.72] 78.12] 78.52) 78.92) 79 .32 
,80) 81.14] 81.48] 84.82) 82.14} 82.46] 82.78 
.00} 84 . 30] 84.60} 84.88] 85.16] 85.44) 85.72 
.84) 87.10} 87.36] 87.62) 87 .88] 88 .12) 88.36 
. 32] 89.56] 89.80} 90.02) 90.24) 90.46] 90.68 


83.10} 83.40 

86 .00) 86.28] 8 

88 .60} 88.84) 8 
9 
9 


90.90) 91.10 
92.80} 92.96 
94.00 


50] 91.70} 94.90] 92.08} 92.26] 92.44] 92.62 


l, 1. 
3. 3,24] 93.36} 93.48] 93.60} 93.70) 93.80} 93.90 
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Table 30 (continued) 


E. Buffer Solutions with pH 4.96-6.69 (NaOH-NaH.C,H;07) 


olution No. 4 (ibid) 


s 


Every given amount. of the solution (solution No. 5, p. 253) is 


brought up to 100 ml with 


NFA OO ™ NOON 


A~HOOMNOMDBDO 
wt St QT AIO O90 oD 


CO O20 G2 Oo SNH OO et © 


WOMNAANSI™MSODO 
wet wet ONY OY C1 CY) CD) ba 


wt SCT) SLED > et DH OD OD 


COO CON DOMINN @ 
IAAT 69 0 09 


mOrOoOwr™ Ow hr er 


MAKNODANKNO 
wt wet ONY ONY CNY C1 CVD CYS CVD 


© st CO BD SLO OD Uf UD 


rH A 119 C2 AI LO & Ga 
wt wet OD ON NI CD 1D CY CVD 


MAHON HD tN © OM OD 


Om Mm SHIN DAINN OD 
wt et NI ONIN YD CD CD CD 


OMNWQqre OO m= <4 


1D MH DONO MAH DD 
wt et CO) CO CN OD cr) cn 


CO DO Od Hu SHO uf CO OD 


19 OW OHO et Sf OD 
wt et NI ONE NT 1D CTD GYD CVD 


MNFTOMOM OO COD 


HO U9 OS SO =t HCO 
amet NON GN 61D 61D 0D 


OM MO Ot~¥ & OO fio 


C1) Od SHED OD I et SH 0 OO 
wet west CN) ONT OD CD OD OTD 


O amNY) STL CO 0 OD 
uw 


> OD 19 SITE OD UD 


11 20 CON 


= CY) 
at xf Aft A og! 


OO 1D DO 
So SE ASH AG St Gr ae 


OO OS 1) 3 wt OH SF 


— 
Tt Nit Sot it Sit it it 


MOIIE DOL 
SSE SG ASE SH Sgt Age 


mM Qisipwor 
BASS SSS 


wT sgt 


ON sino 
SS SSS Gt gt Sg 


ONOWnOt 
SS AGE AGT AGHAST SSH ag? 
OMNM WING 
co 


F. Buffer Solutions with pH 4.80-8.00 (KH.PO,-Na,HPO,) 


Every given amount of the solution (solution No. 7, p. 253) is 


brought up to 100 ml with solution No. 6 (ibid) 


S 


pH 


t w1 A 19 1) <1 OD 19 CG © 
nS DE NAOrORFDO 
SG AMANMHOMO = 
+ ~OOODNDONO 
IND NKAOKOAN BO 
SO BMHANM HIDE Ox 
a 
OF 1 IN MD 9 = 19 19 © 
mos NOM SISK MAM 
DO MAHAN SINE O = 
Cc DONWONDO 
Ooo INO HD OD 
InID iwININMMNOOCO 
SH TIN © SO NI CTO AF © 00 CO 
SCO MHNANMYOKR OO 
=— 
==ODDODDINO 
< E SHODAANODO 
SO AHKANMYWINONDS 
=—O Mrnenrnoon; 
SO OFVONASMARYSS 
SD AHMANMWIND OO 
AO MNOWAODWOM 
cf <O OND Set OK LO NN 
SO HMAC INOS 
=O ARMNKAAMNNO 
or €D BBOHHOBOBAO 
SO OMANI MID OWO 
InN©® wmNROCCOCCOO 
HD DNAOWNODAAIRDO 
DO CHAN NMWORNRD 
OD OANMYWNDKROD 
~y! nD 


1845 


17 
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Table 30 (continued) 


re wt De © OO 1 SHO OO 
WOM OOON Ono 
wt wet CN NT 9 C1 SSE SSE CO 
<b 1) 1 «1 GD 00 OO © 

CO ipa HO 

cr) oD sf SLD CO 
owt Sf OD eet Bm CID CNY CVD sft it 
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wet ONONEN Of) SNELL LO 
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DPOF" wmganmdoa & 


N 6 Od CY) B 6D 
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G. Buffer Solutions with pH 7.71-9.23 (Na.B,07-HCl) 


Ss 


Every given amount of the solution (solution No. 8, p. 253) i 


brought up to 100 ml with solution No. 1 (ibid) 


wr 
wr 
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CY) 
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or) 
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uf 
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rt 
NX 
Ven) 
co 
N 
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8 |53.4 |53.5 [53.6 [53.7 | 53.85) 53.95] 54.4 | 54.25) 54.4 | 54.50 


9 | 54.65) 54.75] 54.85) 55.0 | 55.14 | 55.25) 55.35) 55.5 (55.6 | 55.70 


7.7 
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Table 30 (continued) 
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Table 30 (continued) 


I. Buffer Solutions with pH 8.53-12.90 (NH{.CH,COOH-NaOH) 
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Table 30 (continued) 


0 1 2 3 4 fs) 6 7 8 9 
.0 |54.45| 54.6 | 54.75] 54.85) 55.0 | 55.15] 55.25) 55.4 | 55.55) 55.65 
4155.8 |55.95/ 56.1 |56.3 | 56.45) 56.6 | 56.75) 56.9 | 57.4 157.25 
2157.4 |57.6 157.8 |58.0 | 58.2 [58.4 | 58.6 | 58.8 159.0 | 59.2 
3 159.4 |59.65]59.9 |60.1 |60.35) 60.6 | 60.85] 61.1 | 61.3 | 61.55 
4 |61.8 |62.2 |62.5 |62.9 |63.2 | 63.6 |64.0 | 64.3 | 64.7 | 65.0 
5 165.4 |65.9 |66.3 | 66.8 | 67.2 |67.7 | 68.2 | 68.6 |69.1 (69.5 
6 170.0 |70.5 [71.0 | 71.5 | 72.0 | 72.5 | 73.0 | 73.5 | 74.0 | 74.5 
7175.0 |75.6 | 76.2 | 76.8 |77.4 |78.0 | 78.6 | 79.2 | 79.8 | 80.4 
a 81.6 | 82.3 | 83.1 | 84.0 | 84.9 | 85.8 | 86.7 | 87.7 | 88.8 
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Acetic-Acetate Buffer Solutions 


To prepare a buffer solution of the required pH value, the given 
amount of 1N acetic acid solution is measured, 50 ml of 1N caustic 
soda solution is added to it, and the mixture is brought up to 500 ml 
with distilled water. 


Acetic Acetic | Acetic 

pH acid, 1N, pH acid, 1N pi acid, 1N, 
™m]) ml ml 
l 

3.8 421.5 4.67 100.0 9.0 o7 .4 
3.9 349.4 4.7 96.8 9.6 90.9 
4.0 284 .4 4.8 87.2 3.7 04.7 
4.4 236.2 4.9 79.5 9.8 03.7 
4.2 197.9 2.0 73.4 9.9 93.0 
4.30 167.4 9.1 68.6 6.0 02.3 
4.4 143.3 9.2 64.8 6.1 01.9 
4.5 124.1 o.0 61.7 6.2 01.5 
4.6 108.9 9.4 09.3 6.3 o1.2 
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Universal Buffer Mixture 


A mixture of phosphoric, acetic and boric acids (0.04M, respectiv- 
ely) is prepared. To obtain a buffer solution of the required pH value, 
the given amount of 0.2N NaOH solution is poured into 100 ml of the 
mixture. 


z = ra z 

a" “i n a 

5 3 5 3 

26 a Zz B z a A a 
0 1.81] 25.0 | 4.40] 50.0 | 6.80] 75.0 | 9.62 
2.5 | 4.89) 27.5 | 4.35] 52.5 | 7.00] 77.5 | 9.91 
9.0 1.98 | 30.0 4.96 90.0 7.24" 80.0 | 10.38 
7.5 | 2.09] 32.5 | 4.78 57.5 | 7.54] 82.5 | 10.88 
10.0 | 2.21} 35.0 | 5.02 || 60.0 | 7.96] 85.0 | 44.20 
12.5 | 2.36) 37.5 | 5.33 || 62.5 | 8.36 | 87.5 | 411.40 
15.0 | 2.56] 40.0 | 5.72]} 65.0 | 8.69} 90.0 | 11.58 
17.5 | 2.87]} 42.5 | 6.09]| 67.5 | 8.95] 92.5 | 11.70 
20.0 | 3.29]} 45.0 | 6.37] 70.0 | 9.45 ]} 95.0 | 11.82 
22.5 | 3.78]| 47.5 | 6.59} 72.5 | 9.37 |} 100.0 | 11.98 
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Buffer Solutions from Individual Substances 


Substance pH 


Saturated potassium hydrotartrate solution 
(~0.025M) KHC,H,O, (molecular weight: 
188.183) 3 ( 

Saturated piperazine phosphate* solution 6 ( 

(~0 .0651) C,H,.N,H PO, -H,O (molecular 
weight: 202.148) 6.34 (18°C) 
0.05M sodium tetraborate solution Na,B,0. x 9 ( 
X 10H,O (molecular weight: 384.37) 9 ( 


* Piperazine phosphate is prepared by mixing, at room temperature, 
equimolecular quantities of piperazine and phosphoric acid with the subse- 
quent crystallization of separated white lamellar crystals. 
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Table 34 


Determination of Electrode Potentials 
For the reaction 


Ment + ne = Me®, 
the mathematical expression of the potential value of the metallic 
electrode immersed into a solution containing its ions is determined 
by the formula: 


k RT 


— fro _ a In a 
Me™+ /Me0 Eset /Meo Tonk 


Mc"™t 


For an oxidation-reduction reaction with the participation of 
hydrogen ions 


a Ox.+mHt-+nezb Red. + = H.,O 
the potential value of an electrode from platinum or other noble 


metal immersed into a solution of a mixture of oxidized and reduced 
orms of a given compound is determined by the formula: 


a 
RT, 70x. ,m 
— Fo . : 
Eox prea. = Fx prea. tp 8 Ot 
Red. 


If hydrogen ions do not participate in the given reaction, the 
®xpression assumes the following form: 


RT ax. 
Fox./Red. = “Ox./Red. + nF In a, 
ed. 


In all these formulas ; 
E = electrode potential 
E° = constant value which is characteristic of 


ae given reaction (standard electrode poten- 
tial) 


R = gas constant 

T = absolute temperature 

n = number of electrons participating in the 
reaction 

c= 


: Faraday’s constant (96 500 coulombs) 
Ovent, do,» Opeq.» H+ activities of the components participating 
in the reaction 
a, b, m = stoichiometric coefficients of the compon- 

onts py in the reaction. 


In going ovor from natural to common logarithms, we obtain 
(when n= 1) 


a 
Fox./Red. = 2s Red. + log ore a™ 


H+ 
@Red. 
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Table 34 (continued) 


The values of 3, equal to 0.0591 + 0.0002 (¢ — 25°C), aro given 
in Table 34,A, for temperatures ranging from 0°C to 50°C. 
When aox., @Red. and ay+ or ay,n+ are equal to unity 


E = Eo 


In accepted usage, E° igs called the standard electrode potential. 
The oxidation-reduction system is represented as a reduction reaction: 


Ox. + ne» Red. or Me™+-+ ne + Mel 


The potential of a single isolated electrode cannot be measured, 
and therefore the electromotive force Ca of an electrochemical cell 
consisting of two half-cells is measured; the value of the emf is equal 
to the difference of the electrode potentials of the two half-cells. 
If electrochemical cells are always formed with the same electrode 
whose potential remains constant and with various other electrodes, 
then upon measuring the emf, the value of the electrode potentials 
of the oxidation-reduction systems can be found relative to the poten- 
tial of the selected electrode, which in the given case serves 8S a refer- 
ence electrode (Eyer). 

The standard hydrogen electrode (SHE) is used as a reference 
electrode. It consists of ‘a platinized platinum electrode immerse 
into an acid solution having ay+ = 1 ({N H,SO, solution) at a pres 
sure of purified hydrogen gas equal to 1 atm. The potential of the 
standard hydrogen electrode (£$,,,4,) is conventionally taken as zero 
at any temperature. 

The standard potentials (£°) of various oxidation-reduction 
(redox) systems relative to the potential of the standard hydrogen 
electrode are given in Table 40 (p. 300). The “--” and “—” signs of 
these potentials show the direction in which reaction occurs at the 
electrodes in question (provided that they are in the standard state) 
when they form a galvanic cell with a standard hydrogen electrode. 

A minus (—) sign of the potential value indicates that the ahs 
neous reaction occurring at the electrode in question is the oxidation 
of the reduced form of the redox couple, and a plus (-|-) sign, the 
reduction of the oxidized form. 

In practice, it is easier to work not with a hydrogen electrode, but 
with other reference electrodes whose potentials are constant and 
determined relative to Esyr. Table 34,B (p. 268) gives the composi- 
a and potentials (Eyer) of the most commonly used reference elec- 
trodes. 

When calculating the electrode potential of a redox system (£,) 
according to the result of the measurement of the emf of the galvanic 
cell in which the second electrode is one of the reference electrodes 
(see Table 34,B, p. 268), account must be taken of the sign of the 
electrode being examined. When the spontaneous reaction at the 
electrode in question is oxidation (i.c., when the electrode potential 
has a negative sign), then 


emf = Eree — E, 
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Table 34 (continued) 
or, conversely, when this reaction is reduction, then 
emf = E.. — Erer 
Hence, in the first case, 
Ex. = Ere — emf 
and in the second, 


Ey, = Erey + omf 
For example, the measured emf of a galvanic cell consisting of 
a saturated reference calomel electrode (Eos; gp. = 0.247 V, see 


Table 35,B, p. 2741) and a zinc electrode immersed in a solution (in 
which az,o+ = 1) has an absolute value of 1.007 V. Since, in such 


a galvanic cell, the spontaneous reaction is the oxidation of metallic 
zinc (“—” sign): 
Zn} — 2e — Zn?+ 
consequently: 
EYo+/gn = Eret — emf = 0.247 — 1.007 = —0.760 V 


If an electrochemical tell consists of a saturated reference calomel 
electrode and a platinum electrode immersed into an iron salt solu- 
tion having @yes+ = 472+ = 1, then the emf value of this cell is 
+0.524 V. Since the spontaneous reaction at the electrode being 
considered is reduction (‘-” sign), iron (III) is reduced to iron (II): 

Fe’+ 4- e = Fe?t 
then 


E¥-e3+/Fe2+ = FE rer + emf = 0.247 + 0.524 = 0.771 V 


A. Values of @ at 7 =1and Temperatures Ranging from 0 °C to 50 °C 
(8 — 0.0001983T =: 0.0594 -++ 0.0002 (t —25°C) 


Tem- 
log @ || pera- 


0.05441] 73 320 0.0557 
0.0543] 73 480 0.0559 
0.0545] 73 640 0.0564 
0.0547 73 700], 11 | 0.0968 
0.0549] 73 957 () QoG5 
0.0554) 74 4151 13° | 0.0507 
0.0553) 74 273 0.0569 
0.0555] 74 429 0.0574 


0 
1 
2 
3 
4 
i) 
6 
7 


Table 34 (continued) 


77 012 2 

20 | 0.0591] 77 159) 34 | 0.0609] 78 462} 43 | 0.0627) 79 727 
26 | 0.0593] 77 305] 35 | 0.0611|78604] 44 | 0.0629] 79 865 
27 | 0.0595] 77 452 | 36 | 0.0613} 78 746} 45 | 0.0631] 80 003 
28 | 0.0597 | 77 597 |} 37 | 0.0615| 78 888 || 46 | 0.0633) 80 140 
29 | 0.0599] 77 743) 38 | 0.0617] 79029] 47 | 0.0635) 80 277 
30 | 0.0601 | 77 887} 39 | 0.0619] 79169}, 48 | 0.0637] 80 414 
31 | 0.0603] 78032] 40 | 0.0621] 79 309]) 49 | 0.0639] 80 550 
32 | 0.0605/ 78176} 41 | 0.0623] 79 449} 50 | 0.0641] 80 686 


B. Composition and Potential of Selected Reference Electrodes 
Relative to the Standard Hydrogen Electrode (at 20 °C) 


| Reference electrode i cab ny Re | bev 
Standard hydrogen | Platinized platinum plate 0.000 
electrode (SHE) in 4147 H.SO, solution, 
Pt, H, | Ht! saturated with H, undor 


a pressure of 1 atm 
Mercuriodide electrode | Metallic mercury, 4.2 g of] -+0.02 
(MIE) KI and 1.3 g of gl, in 
Hg | HgI,, KI, KCl | 100 ml of saturated KCl 
solution 
Chlorosilver electrode | Metallic silver, coated with 
(CSE) a layer of AgCl, in an 
Ag | AgCl, Cl-| HCl or KCl solution hav- 
ing the following concen- 


trations: 
AN +0.290 
1.0N +0 .237 
Calomel electrodes (CE) | Metallic mercury, paste of 
Hg | Hg.Cl,, KCl | metallic mercury and 
Hg.Cl, in a KCl solution 
having the following con- 


centrations: 
0.4 (0.4 SCE) 0.4N + 0.337 
1.0 (SCE) 1.0N -+-0.284 
3.5 (3.5 SCE) 3.0N +0.250 
Saturated electrode | Saturated +0.247 
(Sat.CE) 
Mercurosulphate elec- |Metallic mercury, paste of! -+0.682 
trode (MSE) metallic mercury and 


Hg | Hg,SO,. H,SO, | Hg,SO, in 2N H,SO, solu- 
tion 


| ee ee re 2 ee 
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Electrometric Determination of pH 


The hydrogen ion exponent pH = —log ay+. In the electrometric 
determination of the pH, the emf of one of the following cells is 
measured. 

(1) Indicator electrode: hydrogen electrode; reference electrode: 
SHE*. Then, 

emf = Egsur — E 2H+/He 
Since Esugp = 0 and 
FE ort+/Ho = 0 log ant = —tpH 
then 
emf 
o 


(2) Indicator electrode: hydrogen electrode; reference electrode: 
one of the calomel electrodes (CE). Then, 


pH = 


hence, 
and 


= emf—L£op 
pH = cB 


(3) Indicator electrode: quinhydrone electrode; reference electrode: 
SHE. Then, 


emf = Eouin./hydr, — “SHE 
Equin./hydr. —s Fjuin./hydr. + log ay+ = eguin./hydr. —t pH 


pence, 5 
emf = Fouin./nydr. — 9 PH— Esue 


since Esur = 0, then 
Ee —emf 
We quin./hydr. 
Erne a 
Indicator electrode: quinhydrone; reference clectrode: 
(4) CE. 
chen, 
emf = Bouin. mydr.— “cE 


pence 
emf = Equin.nyar. ~~ PH — Ecr 


—~* Standard hydrogen electrode. 
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Table 35 (continued) 
and 


= Euin./hydr. — Ecp—emf 
—e—e«“ 


The values of EoQuin.myar.» Zcm and Eguin.myar. — Ec at 
different temperatures are given in Table 35,A (p. 270), 35,B (p. 271) 
and 35,C (p. 272). 

When the pH is being found by methods (3) and (4), account must 
be taken of what was said on p. 266. As the pH value increases, the 
FE yuin./nyar, Potential decreases. The latter can decrease by so much 
that the spontaneous reaction at the quinhydrone electrode will be 
the oxidation of hydroquinone into quinone (‘‘—” sign). Then, the 
calculating formulas change accordingly: 

for method (3): 


pH 


emf = spe — Zquin.nyar. = — (EQuin./nyar. — & PH) = 
= pH — eyuin./hydr. 


emf-+E 


0 
pH quin./hydr. 


$ 
for method (4): 
emf = Ece— “quin.myar. =Ecr— (ZGuin./h ydr. — pH) = 


= Ecet+t pH — ejuin./hydr. 


pH =. mt Fauin nyse. — Bee 
- 0 
A. Standard Quinhydrone Electrode Potential (E° 


« quin./hydr. ) 
at Temperatures Ranging from 0 °C to 50 °C, FE uin./nyar. = 
= 0.7175 — 0.000742, V 


Tem- Tem- Tem- 


Fare. Equin.fuydr.’ tie: Equin Jnyar.» ae. Equin.shyar. 

°C °C °C 

0 0.7175 9 0.7108 18 0.7042 
4 0.7168 10 0.7104 19 0.7034 
2 0.7160 141 0.7094 20 0.7027 
3 0.7153 12 0.7086 24 0.7020 
4 0.7145 13 0.7079 22 0.7012 
5 0.7138 14 0.7071 23 0.7005 
6 0.7131 15 0.7064 24 0.6997 
7 0.7123 16 0.7057 29 0.6990 
8 0:7116 17 0.7049 26 0.6983 
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Table 35 (continued) 


oor Ee in./hbyd ce E° ae E° 
a quin./hydr.? = quin./hydr.? pera~ quin./hydr.? 
oC V rae Vv ye Vv 
27 0.6975 39 0.6916 43 0.6857 
28 0.6968 36 0.6909 44 0.6849 
29 0.6960 37 0.6901 45 0.6842 
30 0.6953 38 0.6894 | 46 0.6835 
31 0.6946 39 0.6886 47 0.6827 
32 0.6938 40 0.6879 48 0.6820 
33 0.6931 41 0.6872 49 0.6812 
34 0.6923 42 0.6864 50 0.6805 
a Se 


B. Potentials of Calomel Electrodes at Temperatures Ranging from 
0°C to 50 °C 


= 0.2828 — 0.00024 (25 —t) V 


0.2438 — 0.00065 (25 —#) V 


Escr 
Esat.ce = 


Potential, V 


Tem- Potential, V Tem- 
pera- pera- 
ture, ture, 
°C Ey {SCE | Escr | Esat.CE °C Eo .1SCE | ESCE | Egat.CE 
0 0.3380 | 0.2888 | 0.2601 19 0.3369 | 0.2842 | 0.2477 
4 0.3379 | 0.2886 | 0.2594 20 0.3368 | 0.2840 | 0.2471 
2 0.3379 | 0.2883 | 0.2588 21 0.3367 | 0.2838 | 0.2464 
3 0.3378 | 0.2881 | 0.2584 22 0.3367 | 0.2835 | 0.2458 
4 0.3378 | 0.2878 | 0.2570 23 0.3366 | 0.2833 | 0.2451 
a) 0.3377 | 0.2876 | 0.2568 24 0.3366 | 0.2830 | 0.2445 
6 0.3376 | 0.2874 | 0.2562 25 0.3365 | 0.2828 | 0.2438 
7 0.3376 | 0.2871 | 0.2555 26 0.3364 | 0.2826 | 0.2431 
8 0.3375 | 0.2869 | 0.2549 27 0.3364 | 0.2823 | 0.2425 
9 0.3375 | 0.2866 | 0.2542 28 0.3363 | 0.2821 | 0.2418 
10 0.3374 | 0.2864 | 0.2536 29 0.3363 | 0.2818 | 0.2412 
11 0.3373 | 0.2862 | 0.2529 30 0.3362 | 0.2816 | 0.2405 
12 0.3373 | 0.2859 | 0.2523 31 0.3364 | 0.2814 | 0.2399 
13 0.3372 | 0.2857 | 0.2516 32 0.3361 | 0.2844 | 0.2593 
14 0.3372 | 0.2854 | 0.2510 33 0.3360 | 0.2809 | 0.2386 
15 0.3371 | 0.2852 | 0.2503 34 0.3360 | 0.2806 | 0.2379 
16 0.3370 | 0.2850 | 0.2497 35 0.3359 | 0.2804 | 0.2373 
17 0.3370 | 0.2847 | 0.2490 36 0.3358 | 0.2802 | 0.2366 
18 0.3369 | 0.2845 | 0.2483 37 0.3358 | 0.2799 | 0.2360 


0.3357 
0.3357 
0.3356 
0.3355 
0.3355 
0.3354 
0.3354 


Potential, V 


0.2797 
0.2794 
0.2792 
0.2790 
0.2787 
0.2785 
0.2782 


E0.18cE| EsScr | Bsat.ce 


0.2353 | 


0.2347 
0.2340 
0.2334 
0.2327 
0.2321 
0.2314 


Tem- 
pera- 
ture, 


°C 


Table 85 (continued) 


Potential, V 


Eo.18cr | FScr [Esat.ce 


0.3353 
0.3352 
0.3352 
0.3351 
0.3351 
0.3350 


0.2780 
0.2778 
0.2775 
0.2773 
0.2,70 
0.2768 


oocncrooco 


2308 
2301 
2299 
2288 
2282 
.2279 


C. Difference between the Standard Quinhydrone Electrode 


Potential (£° ar.) and the Potentials of the Reference 


uln./h 


Calomel Electrodes (£o,) at Temperatures Ranging from 0 °C 
£050 °C (#8 in myar. — ce) 


woenrnocaohkowhreesco | Temperature, °C 


in./hydr. — 
0.1 SCE 


oe 


0.3795 
0.3788 
0.3781 
0.3775 
0.3768 
0.3761 
0.3754 
0.3747 
0.3741 
0.3734 
0.3727 
0.3720 
0.3713 
0.3707 
0.3700 
0.3693 
0.3686 
0.3679 
0.3673 
0.3666 
0.3659 
0.3652 
0.3645 
0.3639 
0.3632 


quin./hydr.— 
— Escr 


0 


0.4287 
0.4282 
0.4277 
0.4272 
0.4267 
0.4262 
0.4257 
0.4252 
0.4247 
0.4242 
0.4237 
0.4232 
0.4227 
0.4222 
0.4217 
0.4212 
0.4207 
0.4202 
0.4197 
0.4192 
0.4187 
0.4182 
0.4177 
0.4172 
0.4167 
0.4162 


0 
Equin./hydr. =e 


—Egat.cE 


0.4575 
0.4574 
0.4573 
0.4972 
0.4571 
0.4570 
0.4569 
0.4568 
0.4567 
0.4566 
0.4566 
0.4565 
0.4564 
0.4963 
0.4962 
0.49561 
0.4560 
0.4599 
0.4558 
0.4557 
0.4557 
0.4556 
0.4599 
0.4554 
0.4553 
0.4502 


Temperature, °C 


0 
Equin./hydr. oe 


— Escr 


4157 
A152 
A147 
4142 
.4137 
4132 
4127 
4122 
4117 
A112 
.4107 
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— Egat.cr 
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Table 36 


Change of pH in Precipitation of Metal 
pydroxides (Approximate Values with Account Taken of the 
Formation of Hydroxocomplexes)* 


pH values 
aisioet ek : complete t 
See ee ane Fog Pest: Pe ition complete 
lydroxide | initial concentration | qual con- | Out Preci-| ‘tion of 
O 
precipitated equal to Seine lesa pitation nee ae are 
ee { on ) complete) 
1M | 0.01M 
ce 
0.5 { 13 15 
sn(OH), 0 ‘ 50 a 
TiO(OH), | 0 ie AT 10 13.5 
sn(OH), 0.9 2.4 3°75 a a 
ZrO(OH). 1.3 2.25 oe 1LS Z 
HgoO 1.3 < 3 ia 
ion Ae q 5.2 7.8 10.8 
Al(OH) 3.3 4.0 ar 12 15 
Ae s ‘i 5 12-13 
Zn(OH)s 5.4 6.4 (8.0 oe 2- 
Ag,O 6.2 8.2 9.7 43 5 _ 
Fe(OH), 6.5 7.5 a5 144 a 
Co(OH), 6.6 7.6 08 = _ 
Ni(OH)., 6.7 ct a = Z 
Cd(OH) 1.2 8.2, ae 1d = 
Mn (OF). 7.8 8.8 a e _ 
Meg(OH),. 9.4 10.4 4 


I ee eta NG a i ee 


ee es 

* It should be noted that when hydroxides are being precipitated by an 
addition of an alkaline solution to a corresponding salt solution, a local 
growth in the pH value: and the precipitate amount occur in places whcre 
the precipitant drops fall. Upon stirring, a back dissolution of the precipi- 
tate formed. docs not often take place (see Table 10 for various values of 
the, aaa y products of hydroxides during precipitation and after some 
age : 
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Table 38 


Dissociation Constants of Complex Ions 


The subscripts of K denote the number of groups of a ligand of 
a central atom of a complex which is dissociated by one step, for 
example, for Fe+ complexes with chloride ions: 


_ [Fee*][Cl-] . _ [FeCl2+} [C17] . 


eT FeCl2+} sae (FeCli]  ° 
__[FeCl#] [C17] . x, — [FeCls] [Cl] 
I=" TReChs] =" [FeCl] 


Two or more subscripts are written for complete dissociation con- 
stants of complexes with the corresponding number of groups of a 
ligand, for example: 

_ (Pot }(CInP gg, eMC 
Ky,2= (FeCla) ’ 1,2,3 [FeCl] 
. _ [Fe] (Cl-}! 
1, 2, 3.4 — [FeCl] 


Evidently, Ki,2 = K,°Ke; Ay23 = eee eta etc. The table 
gives their indices, and not the constants themselves, i.e., the loga- 


rithms of the constants taken with an inverse sign: 
pK, = —log Ky; pK = —log Ko; pKi,, = —log Ki,2, etc. 


The indices of only complete dissociation constants are given; 
however, it follows from the above that the indices of the constants 


of separate dissociation steps can easi 
pk, = PAy,2 — pA; pks me PA4,2,3 aod PAy,2) etc. 
All data are given at temperatures of 20-30 °C. 


ly be found by the differences: 


PK 2 ,3,4,5,6 
Ionic strength 


Central jon 
PKy 93,4,5 


A. Complexes with Inorganic Ligands 


Complezes with ammonia (NHs) 


Agt 3.32 7.24 — — — — 0 
Aut ? 27 — — — — ? 
Au3t ? ? . 30 — — ? 
Cd2+ 2.54 4.47 5.77 6.56 6.26 4.56 0 
Co2+ 4.99 3.50 4.43 5.07 5.413 4.39 0 
Co3+ 7.3 14.0 20.1 25.7 30.8 35.24 2 
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Table 88 (continued) 


= 2 3 # 
: o <3 ms 7 
2 ea i si oa ol © 
8 a ma a a Py c. = 
Cut 5.93 | 10.86 — _ —_ — 2 
Cut 3.99 7.33 | 10.06 | 12.03 | 11.43 8.9 () 
Fe?+ 1.4 2.2 3.7 — — () 
Hg | 8.8 |17.5 | 18.5 | 19/3 is = 9 
Mg?* | 0.23 | 0.08 |—0.34 |—1.04 |—1.99 |—3.29 2 
NEP eee eee |, BO 7 ae: lego.) 8:01 0 
Tit —vV. = —_— = _ ae 9 
Liss ? : Ss 17 (2) 7 _ > 
7n2* 2.18 4.43 6.74 8.79 _ _ 0 
ce COMplexes (Br-) 
Le tt Bas a = 0 
? ~ = ze f 
6.334 | 34.5 _ = ? 
2.8 7 8 y) y) 
83 2" 9.42 9.9 
a = _- rs ? 
_— Secs pees — U 
19 > — o U 
ee ioe i ee | 2 Ti 
8a 24 G9 ws _ 0.0 
*-83 Ve ~ 7 ! 
> "12 _ Se 
Vy 12-95 23 0 
S 8 _ _ ¢) 
Se ie ee 
. oo 
ie Nos _ Be ; 
le Poe |e Fe 
Bot IS La pe | 8 
oe, U4 lg st 20.5 Zor 0 
\ ? 
U 4 
ABE Gea, te (NY 9.5 
a NOE) att) 
ly { 4! 
Re | 0.75 | PD 
Sy, =~ 
NY 


8 

= ee 

8 a 
fn 2.30* 

+ 9.04 

AsO+ | 14.33% 
ae 0.85 

e*+ 7.48 
Bi3+ 12.4 
Ca2+ 1.46 
Cd?+ 4.17 
Ce3+ 4.6 
Ce4t+ 13.28 
Co2+ 4.4 
Cr3+ | 40.4 
Cu2+ 7.0 
Fe2+ 5.56 
Fe3+ | 14,87 
Ga3+ | 41.0 
Hg?+ | 9.0 
Hg?+ | 10.30 
In3+ 9.9 
La*+ | 3.30 
Lit 0.17* 
Mg** 2.58 

n2+ .90 
Nise | 4.97 
Pb2+ 6.9 
Sb3+ ? 
Sn?2+ | 414.86 
Snit ? 
Sr2+ 0.82 
Thét 10.0 
T1+ 0.82* 
T13+ 12.86 
U4t 13.3 
UOzt | 9.8 
V3t 11.4 
VO 8.6 
VO3+ ? 
Zn2+ 4.40 
Zrit 14.32 


4.0 
? 
18.73 


? 
15.8 


8.33" 


27.06 
4.6* 


Hydrozocomplezes (OH~) 


5.2 as 
> | 33.0 
90.60 | 24.2 
15.24 | 15.0 
> | 35.2 
9.02 |<8.6 
10.5 = 
“ | 99.9 
17.0 | 18.5 
9°67 | 8.56 
30.67* | 
> 134.3 
21.20 | — 
> =6| 28.7 
? = 
8.3 z= 
1.33 | — 
13.3 i 
36.7* | 38.3 
513 | — 
° ? 
32.0 ? 
2 2 
2 | 32.40 
2 | 46.2 
13.14 | 14.66 
44.91 | 55.27" 


* Neutral molecules in solution. 


285 


Table 38 (continued) 


PKy 0,3,4,5 


€ 


Co 


as 
pode 


llealllelIStwrlti Phi tidbit ttbol tT PEt ritbtird ddl 


o1 
oe) 


lop) 
ao 


LIT PP PEEP I NtobT PEELE PPE? Pel TT EEPEPET ITT, 


80 


PKs 03,4546 


Tonic strength 


oon 
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Table 38 (continued) 


= e = a 

2 < < < 5 

= ~ ~~ “4 a pa ee = 

si eg} e 12s] e ] | fe 

ITypophosphite Compleres (II,P Oz) 
Fe?+ | 2.77 | — | — | — [| —- [| — | ? 
Iodate compleres (10Q;) 
Agt 0.63* | 1.90 — = = 22 v) 
Ba?+ 1.1 — — — — — v 
Ca?t 0.89 — — — — — 0) 
Cu*t 0.82 — — — ~~ —- 0 
Sr2t 0.98 — — — — — 0 
ThIY | 2.88 | 4.79 | 7.15 — — -- 0.5 
TI+ 0.50*| — — = = 0 
Iodide complexes (1~) 
Agt 6.58* | 11.74 | 13.68 | 13.10 —_ — () 
Bi3t 2.89 ? ? 14.95 | 16.80 19.4 0) 
Cd2t+ 2.28 3.92* | 5.00 6.10 — — 0) 
Fe3+ 1.88 ? ? — _ — 0 
Hg?t 42.87 | 23.82* | 27.60 | 29.83 — — 0.5 
In3+ 1.64 2.96 2.46* | .— — — 0.7 
Pb2t 1.26 2.80* | 3,42 3.92 — — 1 
TI+ 1.44* | 1.82 2.0 1.6 — — ? 
T13+ 141.44 | 20.88 | 27.60* | 31.82 _ — 0) 
qn2+ |—2.9 —1.6* |—1.7 —2.3 — — 4.9 
Carbonate compleres* * (CO37) 

2+ 3.2* = = _— _ — 0 
Case | 6.0% | 10.0 = ~ ~ ~ | 0 
Mg?* 3.40* as = 4 — <= () 
uo3t ? 14.6 18.3 — — — 0 

Nitrate compleres (NO;) 

+ |—0.29* ae =e = = 0) 
Ag. | 092 | -— | —~ | — | -— | -— | 0 
Bist 1.26 = = — — — 0.1 
Bi | o2 | — | — | — | - = 0 
cd?2t 0.40 =e — —_— = = 0) 
Cet 1.04 1.51 — — — — 2 
Fe?t 1.0 = —— = = a 0 


* Neutral molecules in solution. 
«* For Ca(HCOs)2 and Mg(HCO3)e, pK1 is equal to 1.26 and 1.16, res- 


pectively . 
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Table 38 (continued) 


= 

= 

-_ ~ 
= e) e1 
= = a — 
@ nS NG x 
oO = ron oF 


La2+ (26 - = _ = 
Ph?+ 1.18 ams —_ 2% beg 
PulV 0.54 — = we 
Sr°t S82 eae == = 
Thiv | 0.78 tif 1.00 0.74*} — 
TI+ 0.334 = = = a 
T13+ 0,92 a = ee == 
uv 0.36 0.47 0.42 0.148*| — 
UOzt |—1.4* |—1.4* |—0.5 at = 
ZriV 0.34 0.41 |—0.26 |—0,.82* |[~—1. 


Nitrite complexes (NO g) 
Agt 1 .88* 2.83 — — 
’ 1. 


Cd2+ 80 3.01* 3.81 3.1 — 
Cu*t 1.26 1.56* 4.16 =_ cas 
Hg?+ ? ? ? 13.54 — 


Perchlorate compleres (ClOq) 


Ce?+ 1.91 — — — 
Fest 1.15 — _ — — 
Hig3+ |—0.05 - — 
Pyrophosphate compleres (P,037) 
Ba2+ 4.64 — a — — 
Ca?t 5.00 — — as = 
Cd?+ 0.6 4.18 — — — 
Ce3+ 17.15 — — = — 
Co2+ 4.0 — — — _ 
Cut ? 26.72 — — — 
Cu?t+ 9.20 10.30 — — — 
Fe3+ 4 D.00 — — — 
K + 2:0 — — — — 
Lit 2.39 = ae ae a 
Mg?+ 5.70 — — oes — 
Nat 2.22 — — —- — 
Ni2+ 5.82 7.19 — — — 


* Neutral molecules in solution. 
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fable 38 (continued) 


a = 
5 2 3 = 
S vi : 7 wa re a : 
&§ | & | & 4 S < a ee 
Pb?+ | 11.24 | 16.5 — — — — 0.1 
Sn2+ | 14 — — = =. a ? 
sr*+ 4.66 — — _— a _ ? 
Tl+ 1.69 1.9 — — — — 2 
Zn2+ 8.7 11.0 — — — — ? 
Pyrophosphate complezres (ITP,037) 
Cu2+ G.4 10.0 — — — ? 
Lit 1.03 — — | — — | 1 
Na* 1.52 — — — — 0 
Pyrophosphate complexes (H,P,037) 
Sn*t+ 4,.48* | 6.08 _ | — | — | — 2 
SnOH*|) 5.48 7.30 — — — - | 2 
Rhodanide compleres (SCN-) 
Ag+ 4.79* | 8.23 9.49 9.67 — — 0 
Aut ? 25 — — — — ? 
Aus+ ? ? ? 42.00 | 42.00 | 42.04 0 
Bis+ 1.45 2.26 ? 3.41 ? 4,23 0 
Cd?+ 1.74 2.33* |~2 ~3 — — 0.4 
Co2+ 3.0 3.0* 2.3 2.2 — — ? 
Cr3+ 3.08 4.8 2.8* 6.4 0.4 3.8 ) 
Cut ? 12.11 9.90 | 10.05 9.59 9,27 0 
Cu2t 2.30 3.65* | 5.19 6.52 — — fe) 
Fe?+ 0.95 ().07* — — — — : 
Fe3+ 3.03 4.33 4.63* | 4.53 4.23 3.23 0 
Hg?+ ? 17.47* | 19.15 19.77 — — ? 
In3+ 2.98 3.60 4.U3* — -- — 2 
Ni2t 1.18 1.64* | 1.81 — — — 1 
Ph2+ 1.09 2.52* ? 0.85 4 —0.30 ? 
Th*+ 1.08 ? 1.78 — — — 1 
TiOFI#*| 4.7 — — — — — 1 
Tl* 0.80* | 0.65 0.2 0 — — 0 
ts 1.49 1.95 2.18 — — — 1 
UOQ#z+ 0.93 0.91% | 1.35 — — 0 
Zn?+ 1.7 is Gg Due 3.7 — — 0.1 
ZnOH*| 2.0i* ? 2.66 — — 1.7 


* Neutral molecules in solution. 
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Table 38 (continued) 


Central ion 
PKs 03.4.5 
PK; 0,3,4,5,6 
Tonic strength 


pKi 
DKi 9 
DKy 0,3 


Selenate compleres (3e0}-) 
Selenite complexes (Se03-) 


Cd?+ ? 5145 | — | — | 
Hg?+ | 12.48 | — — 


Sulphate complexes (SO{- 


Cd?+ A lg 
Zn*+ 2.19* 


oo 


| | 
| | 
<a 


Agt 

Ba?+ 
Ca2t 
Cd 2+ 
Ce3t+ 
Ce4tt 


A]$+ | 


*# & & 
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* Neutral molecules in solution. 
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Table 38 (continued) 


S 2 = = 
= as! s = © 
= = ~ ~~ < wt wt = 
C a | & 4 s a ee 
UO3+ | 2.72* | 4.20 — — — — 0 
VO2+ | 2.48% a = = = — 0 
Zn2+ | 2.34*| — = = es _ 0 
Zr4+ | 3.79 | 6.64*| 7.77 — ~ — 2 
Sulphite compleres (SO3-) 
Ag 5.60 | 8.68 | 9.00 — — a 0 
Cd2+ ? 4.419 - = = seis { 
Cut 7.85 | 8.70 | 9.36 — — — { 
Hg** ? 24.07 | 24.96 = a es 0 
Ayes ? ? ? 34 — — ? 


Thiosulphate complexes ( S,0 


T'etrametaphosphate complezes (P,O} 


Ag+ 8.82 | 13.46 | 14.15 = — = 0 
Ba2+ | 2.33% = = — — — 0 
Ca?+ 4.91* aus ao — — — 0 
Cd2+ | 3.94* | 6.48 8.2 ? ae a 0 
Co2+ 2.05* aa — — — — ) 
Cut 40.27 | 12.22 | 13.84 — — — 2 
Cu2+ ? 42.29 = — — _— ? 
Fe2+ 2.0* ? ? <2 — — 0 
Fe3+ 2.10 = = — — — 0.5 
Hg?+ ? 29.86 | 32.26 | 33.61 me = 0 
K* 1.00 _- — — ~ — 0 
La3+ 0.8 ae = = — = 4 
Mg?+ | 1.79%| — = — — — 0 
Mn2+ | 4,95* = = — — a 0 
Nat 0.58 a pit — — ae 0) 
Ni2+ 2 .06* = = ge — ~ 0 
Pbh2+ | 2.7% 5.413 6.35 7.2 = ues ? 
or2+ 2.04* _ ae 2 — ze 0 
Tl+ 4.94 a2 as = ss Zs 0 
T13+ ? ? 44 = — ? 
Zn2+ | 2,29*| 4.59 > 1<0.6 = = 0 
2) 
Ba?+ | 4.99 = = = = ~ 0 
Ca?+ 5.42 — os aes = a 0 

La3+ 6.66 _ ee a () 

Mg2+ | 5.47 as = _ = 0 


* Neutral molecules in solution. 


294 


Table 88 (continued) 


= : + 4 : 
E oi eo] ey a aS 
= = ~ < = “— = 
s| ¢| ef} Ff} e |e |e fe 
Mn?+ 5.74 — — — 0 
Ni2+ 4.95 — — — — — 0 
Sr2+ 9.45 — — — — — 0 
Trimetaphosphate complezes (P3037) 
Ba?+ 3.39 — = = = = 0 
Ca?+ 3.49 — = = a = 0. 
La3+ 5.70 — — = = = 0 
Mg?* | 3.31 — 7 = = = 0 
Mn?t+ 3.07 _— = os = =< 0 
Nat 4417 — — = = = 0 
Ni2+ | 3.22 — = = = = 0 
Sr2+ 3.30 — = = = = 0 
Phosphate complezes (PO3-) 
Cee+ | 18.53*| — | — | -— | -— I — | 0 
Phosphate complexes (HPO?-) 
cae | 27*| — | — | -— | — | -— | 29 
Fes+ 9.79 — = = ca a 0 
Mg2+ | 2.50*| — = = = = 0 
PulY | 42.9 | 23.7* | 33.4 | 43.2 | 52.0 — 2 
Phosphate complexes (H,PQ;) 
Al3+ |~3 ~5.3 |~7.6* — = = 0.4 
Ca2+ 1.08 = = =e = = 0 
Cu2+ ? 1.49* — = = = 0 
Fe3+ 3.5 ? ? 9.15 — — ? 
UOzt | 3.00 5.43* | 7.33 — — — 0 
Phosphate complezes (Hg 3PQ,) 
PulY 2.3 = — —- | = os 2 
ThiV¥ 1.89 — — = = = 2 
UOz+ |<1.8 3.9 o.3 — — — 0 
Fluoride complexes (F-) 
Agt 0.36* — = ae — — 0 
Al8+ 7.40 | 11.98 | 15.83* | 18.53 | 20.20 | 20.67 0 
Ba?+ |<0.45 — — —— — — 0 


* Neutral molecules in solution. 
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Table 88 (continued) 


5 2 = le 
2 2 s = S 
3 - o ° 2 2 3 
z r Z i = . = 2 
S a a A a fl 3 s 
Be®+ | 5.89 | 10.83* | 14.39* | 16.38 — — ? 
Ca?* |<1.04 ms — — - 2 0 
a 0.46 0.53* _ — ~ ~— 1 
C134 3.99 = = = _ = () 
a 5.20 | 8.54 | 14.02*} — — — U 
Bee | 2 lvoe | coaee| ase [asao Lwss| ¢ 
| 6.04 | 10.74 | 13.74* 15.74 | 16.10 |~16.10] 0 
Ga° 4.5 8.3 | 411.0% | 12.5 | 12.8 — ? 
He** 1.56 = = — — — 0 
ve 4.63 | 7.44 | 10.23*| — — — 0 
ane 3.56 — = — — — 0 
Ma3+ er _ = _ bas = 
Py 3+ : a 
se 7.94 — | = — — — V 
of 7.08 | 12.88 | 17.33* | 20.81 — — 0 
Sn* 4.85 ? ~10 — — — 0 
on ? ? ? ? ~25 ? 
Th*+ | 7.65 | 13.46 | 17.97 — — — 0.5 
i+ | O.40*) — —~ — = - 0 
TiO?+| 5,4 9.8* | 13.8 17.5 — — 3 
GO3t+ | 4.4 7.7* | 10.3 | 44.7 — 0 
VO*+ | 3.3 5.5* | 7.2 7.5 ~ 4 
xe 4.81 | 8.54 | 12.14* | — — 0 
Zn?+ 1.26 eo — — — -- 0 
Zr4t 9.80 | 17.37 | 23.45 — — _ U 
Chlorate complezes (C103) 
Ba?+ | 0.7 — — — — — 0 
Agt | 0.22*| — = = == oes 0 
Th*+ | 0.26 — — — = = as 
T+ 0.47*| — — — — — 0 
Chloride complexes (Cl-) 
Agt 3.04* | 5.04 | 5.04 | 5.30 — — 0 
Au* ? 9.42 — — — — 0 
Au3+ ? ? ? 21.30 — — 0 
Bi** 2.43 | 4.7 5.0* | 5.6 6.4 6.42 4 
Cd2+ | 2.05 | 2.60*| 2.4 2.9 — — 0 
Ce3+ 0.22 = = = =) ze 0 
Cr3+ 0.60 |—0.114 = ie a a ? 
Cut ? 5.35 | 5.63 _ a = 0 


* Neutral molecules in solution. 
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Table 38 (continued) 


h 


Tonic strengt 
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PH 013,456 
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3 


ee 


Cyanate complexes (CNO-) 
9.00 | — | — | 
Cyanide complezes (CN-) 


Agt ? 19.85 |] 20.55 | 19.42 — 
Aut ? 38.3 — 
Aus+ ? ? ? 56 — 
Cd2+ 18 9.60* | 13.92 | 17.41 — 
Co3+ ? — ? ? ? 
Co3+ ? ? ? ? 
Cut ? 24 28.6 30.3 — 

: | 

? ? 


Fe?+ ? ? 
? ? 


oOCOovuUsTOOO 


0 
? 
Fest ? 


* Neutra] molecules in sojution. 
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fable 3S (continued) 


Z = = 

5 2 3 S 

5 ~ SS ss < ‘ ‘ S 

i) jor jon jor 2, jor = - 
Hg?+ | 18.0 34.70* | 38.53 | 41.51 _ — 0 
Ni2+ ? ? 31.0 30.3 = 0 
T13+ ? ? ? 35 = — 0 
Zn?+ ? ? 17 19 as = ? 
B. Complexes with Organic Ligands 

Acetate compleres (CI],CUO-) 
Agt 0.73* | 0.64 oo ci ae a 0 
Ba2t 0.41 a = cs se a 0 
Ca2t 0.77 = eis a2 = oo 0 
Cd2+ 1.30 2.28* | 2.42 2.00 se aa 3 
Ce3+ 1.68 2.65 3.23% a = — 1 
Cu2+ 2.24 3.30* = a = 2 0 
Fe2+ 3.2 6.1% 8.3 a es = 0.1 
Fe3+ 3.2 se ao cae 2 = 1 
In3+ 3.50 5.95 7.90* | 9.08 = — 2 
Mg?+ | 0.82 =e a as des = 0 
Mn2t+ 1.2 = = = a is 0 
Ni2+ 1.42 1.81* = at ms = () 
Pb?+ 2 52 4.0* 6.4 8.5 do — 0 
Sr2t 0.44 — mes — — — 0 
Tl+ {—0.41* a = = = — 0 
T]3+ ? ? ? 15.4 = = 0.2 
UOz+ | 2.38 4.36* | 6.34 -_ — 4 
Zn2+ 1.57 ss az _ — 0 
Oxalate compleres (COO)3- 

Al3+ 7.3 13 16.3 = as — 0 
Bat 2.3% oe = a = — 0 
Be2+ |~4* ~6.5 = J as — i 
Ca2+ | 3* =. ss = _ = 0 
Cd2+ 4.00* | 5.77 = = — — 0 
Ce3t 6.52 | 10.48 | 11.30 a — — ) 
Co2+ 4.7* 6.7 9.7 = — — 0 
Cu2t | 6.7* | 10.3 zs =e — — 0.3 
Fe? ? 4.52 | 5.22 — — 0.5 
Fe3+ 9.4 16.2 20.2 = — 0 
Me?+ | 2.55*| 4.38 = — — 0 
Mn2: 3.82* | 5.25 fae a -- 0 


* Neutral molecules in solution. 
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Table 38 (continued) 


S Ne) 5 &p 

5 nS Nx vi va wa Ma Si 

oO a 2. 2. my o iS 
Mn3+ 9.98 | 16.57 | 19.42 — _- _ 2 
Nd3+ 7.24 | 11.51 Jo 13.0 — _ = 0 
Nit+ |>5.3* | 6.51 |~14 _ = = 0 
Pb*+ ? 6.54 — — _ - 0 
Sc eee en ee ee ee 
fis 2.03 — — — = = 0 
Y b3+ 7.30 | 11.89 |>-12.9 — — =: 0 
Zn*+ 5.00* | 7.36 8.15 — _ _ 0 

Complexes with 8-hydrozyquinoline (CsH,NO)- 
Ba** 2.07 — = — — oe 0 
Ca?* 3.27 _ = — — aes 0 
Cd?+ 7.2 13.4* — — — = 0.01 
Co? 9.1 17.2* = = — =a 0.04 
Cu2+ | 12.2 23.4* _ = — = 0.01 
Fe?+ 8.0 15.0* — — — - 004 
Fes+ | 12.3 23.6 33 .9* — — ie 0.01 
Mg*+ 4,74 — — = — fe 0 
Mn?+ 6.8 12.6* —_ — — = 0.04 
Ni?+ 9.9 18.7* = = _ — 0.01 
ane 9.02 — — = — _ 0 
as 2.06 — — — = us 
Th4+ | 10.45 | 20.40 | 29.85 | 38.80* — = 0 
UO3+ | 11.25 | 20.89* = ia — — 0.3 
Zn*+ 8.50 | 16.72* = = — — 0 
Complexes with pyridine (C;H,N) 
Agt 1.97 4.39 = ae — = 0 
Cd?+ 1.27 2.14 2.3 2.90 — = 0.4 
Co?+ 1.14 1.54 = — — = 0.5 
Cut : 3.3 — — — = ? 
Cu?+ 2.92 4.38 5.69 6.54 — = 0.5 
Fe2+ 0.71 ? ? 6.7 — = 0.5 
Hg?* | 5.4 | 10.0 | 10.4 — — a 05 
Ni?+ 1.78 2.82 3.13 — — = 05 
Zn?+ 1.41 4.44 1.61 1.93 — = 0.4 
Salicylate complexes [CgH,(COO)O]?- 

AlS+ 14.41 — — — | is | = 0 
a gl a A a ee 


* Neutral molecules in eo ON: 
** CaHSalt+ —> Ca2+ -+ FI 
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Table 38 (cuntinued) 


= 0 . = 
s “ 3 = | E 
= e: a a S a % 
Cuz" | 10.6* | 18.45 — one a = O.1 
Fees 6.55% | 41.25 ss des ae es 0.1 
ee 16.45 | 28.46 | 56.84 — ~~ — hog 
wet G.Y5* | 41.75 = = — eee : 
ihr 425 7.60* | 10.05 | 141.60 —_ a ().1 
UOst 4.91% en sh = es ? 
Sulphosalicylate compleres [C,H,0(COO)(SO,))3~ 
A] 3+ 13.20* | 22.83 | 28.89 = a oe 0.1 
Bet+ | 411.74 20.81 — = aie on 0.4 
on : 16.45 —~ as ze a o 
get mS) 9.90 me —_ i - 
Fost 15.02* | 25.76 | 32.60 — = 0.1 
Mn*+ 5 24 8.24 — a Sst a 0.4 
UO$* | 11.14 |°19.20 = gies ant a 0.1 
Tartrate complezes [(CHOII),(COO)]3- 
Ba?+ 2.54% — = aoe as 0 
Ca2t+ 2.98* 1 9.01 —_ ae a = 0 
Cu2+ 3.00* | 5.44 9.76 6.20 — — { 
Fe3+ 7.49 — es —_ a = i 
Mg*+ 41.30* — ae os fea re 0.2 
Pb?+ 3.78* ~- — — el ? ; 
Sr2+ 1.59* _ es os me - 0.16 
Zn2+ 2 .68* ae a = 0.2 
Complezres with phenanthroline (C,.H,N2) 
ag) 5.02 12.07 _ = = — Mee 
at 0.5 — — eos one = .o 
Cd?+ 5.4 11.6 15.8 — — — 0.1 
Co2+ 7.25 13.95 | 19.90 = — as 0.4 
Cu2+ 9.25 16.00 | 24.35 — oa a 0.1 
Fe*+ 5.85 ? 21.3 _— < as 0 
Fest 6.5 11.4 23.5 — — aS 0.4 
Zn*+ 6.43 | 12.45 | 17.0 — = os 0.1 
Citrate complezes [(CH,),C(OH)(COO),]3- 
Ba?t+ 2.84 — — a = = 0.08 
Be?+ 4.52 — — = — — 0.195 
Ca2t 4.89 — — — 0 


* Neutral molecules in solution. 
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Table 38 (continued) 


PRY 0,3,4.516 
Ionic strength 


Cd?+ 0.36 — — — — — 0 
Co*+ 4.83 = aa es a — 0.06 
Cutt | 14.24 — — = = = 0 
Fo*+ 3.08 — -~ — — 4 
Fo3+ | 411.7* — — -- — = 0.4 
Mg** | 3.29 : a = me — 0.09 
Mn?+ | 3.67 — - = = — 0.15 
Nit+ | 5.41 — — _ — — 0.15 
Pb2+ | 6.50 ~ — —_ -— — 0 
Sr2+ | 2.90 -- = ee = a 0.15 
UOz+ | 7.40 _ a9 = — 0.1 
Citrate complexes [(CII,),C(OI)(COOH)(COO0),]?~ 

Be?+ AY ad = a =; = a 0.15 
Ca?+ a220* = = ae — = 0 
Fe?+ 2,12" — = = = me 0 
Fe'+ | 6.3 — = a a = 1 
Ph2+ | 5.72*| — = = = = 0 


* Neutral molecules in solution. 


Ethylenediaminetetraacetate complezes 


CH,COOH eat EH C00- 
H aot ee 
a" \ cH,C00- “| \CH,COO- 
(HY>) (Y4-) 
HoC—-NZ. H,C-—NC 
\CH,COO- CH,COO- 


(Ethylenediaminetetraacetic acid, H,Y) 
(Ionic strength = 0.1) 


Gentral ion | pKyHY3- | pkK1Y4- || Central ion | PRKIHYVS- | pKrY4a- 
Agt 3.07 7.32 | Ba?+ | 2.07 | 7.78 
Al? 8.4* 16.13 || Ca?+ 3.51 10.57 


* Neutral molecules in solution. 
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Table 38 (continued) 


Central ion | pKi:HY¥3- | pkyY4- | Central ion | pKiHY3- | pK1Y4- 
Cd2+ 9.10 16.59 || Nat — 1.66 
Ces+ ? 16.01 || Ni2+ 11.56 18.62 
Co?+ 9.15 16.21 || Pb?+ 10.61 18.04 
Co3+ ? 36 Pd3+ ? 18.5 
Cr3+ ? 24.0 Sc3+ ? 23.4 
Cu2+ 11.54 18.80 || Sr2+ 2.30 8.63 
Fe?+ 6.86 14.33 || Thi+ ? 7 Aas 
Fe3+ 16 .2* 29.10 | Ti+ ? 21.3 
Ga3t 11.39% 20.27 || TiO?+ ? 17.3 
Hg?+ 14.6 21.80 || T13+ ? 5.8 
In$+ ? 24.95 || V2+ ? 12.70 
La$+ ? 15.19 || V3t ? 29.9 
Meg?+ 2.28 8.69 | VO?+ ? 18.77 
Mn?2+ 6.9 14.04 || Zn?+ ? 16.50 


* Neutral molecules in solution. 
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Table 39 


Mobility of Selected Ions at 25 °C 
and Infinite Dilution 


Equivalent conductivity (ohm-!-cm*) of the electrolyte ABA is 
numerically equal to the sum of the mobilities of both ions: ABA = 
=)hyt | AA- 


Cations | A+ | Anions | hA- 
a aM ee cen ate le ee ie, wl ee 
lit 362 OH- 205 
K+ 76 1/4 Fe(CN)&- 414 
NUg 76 1/3 Fe(CN)3- 104 
Tee 75 1/2 SO2- 83 
1/2 Ph?+ 73 1/2 CrO3- 82 
1/3 Fe*+ 68 Br-- 81 
1/2 Ba®+ 66 1/3 PO3- 80 
Agt 64 I- 80 
1/2 Ca?+ 62 Cl- 79 
1/2 Sr@+ 62 NOs 74 
4/2 Cu®+ 57 1/2 C,03- 74 
1/2 Zn2+ 56 Oz 74 
1/2 Mg?2+ 55 1/2 CO32- 70 
1/2 Fe*+ 54 LHCO; 46 
1/2 Nit+ 52 CH,CO3 42 
Nat o2 IO; 41 
Lit 39 


300 
Table 40 


Standard Oxidizing Potentials (Z°) Relative to 
the Potential of a Standard Hydrogen Electrode* at 25 °C 


(1 ==saturated solution in the presence of a solid or liquid substance; 
+= solution saturated with gas under a pressure of 1 atm) 


Symbol 
< Highest degree Lowest degree of 
oo of oxidation “ne oxidation 


AlO; + 2H,O 
Al(OH)s} 
AlF3- 


*For the use of the table, see p. 476. 
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Table 40 (continued) 


Br | subro 4+ 2H+ 


2BrO- + 2H,0 


2Br- 


Br, + 2H,0O 
Br, + 40H- 


Symbol] di t degre west degrec of 
ae] putters | ane | tonggmaeet | as, v 
As{+ 3H+t +3e | AsH, —0.60 
As} + 3H,0 -+|-3e AsH, + 30H- — 1.37 
HAsO, + 3Ii+ +-3e | As} + 2H,0 +0.247 
As II,AsO, + 2H+ +2e | HAsO, + 3H, O -+0.56 
AsOz + 211,0 +3e | As}+ 40H- —0.68 
AsO3- + 2H,O +2e | AsOz + 40H- —0.7! 
Au3+ +2e | Aut +1.41 
Au3t +3e | Au -+1.50 
Aut +e Au -+-41.68 
AuBrg +e Au} + 2Br- +0.96 
AuBry +2e | AuBry + 2Br- +0.82 
AuBry +3e | Aud + 4Br- +0 ,87 
Au(CN);z te | Au) + 2CN- —0.64 
Au | AuClz --Fe | Au} + 2Cl- +1.44 
AuCly +2e | AuCly + 2Cl- +0.93 
Aucly +3e | Ault + 4Cl- +0,99 
H, »AUOz 4+- H,O | +3e | Au} + 40H- +-0..7 
Au(SCN)z +e | Au] + 2SCN- +-0.69 
Au(SCN);z +2e | Au(SCN)z + 2SCN- +0.64 
Au(SCN);z +3e | Au} -+ 4SCN- +0.66 
HsBO, + 3Ht+ +3e | B| + 3H,O —0.87 
B |H,BO;+H,0 |+3e | BY + 40H- —1.79 
BFF +3e | BY + 4F- —1.04 
Ba | Ba’ | +2e | Baj | —2.90 
Be | Be?t +-2e | Be} —1.85 
Be,02-+ 3H,0 | +4e | 2Be} + 60H- 262 
BiO+ + 2H+ +3e | Bi} + H,0 +-0.32 
Bi} + 3H+ +3e | BiH; + <—0.8 
NaBiOg{ + 4H+ | +2e BiO* +, Ae O| >+1.8 
BiCl; 4 3e | Bil 4 +0.16 
Bi Bi,O,+ + 4H+t +2e | 2BiOt+ + “SH, O +1.59 
Bi041 +H,O | +2e | BixOs} 4+. 20H- +0.56 
Bi,O,;} + 3H,O | +6e | 2Bij + 60H- —0.46 
BiOCl| + 2H+ +3e | Bil as H,O + Cl- +0.16 
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Symbol Highest degree 


Table 40 (continued) 


Lowest degree of 


pr of oxidation oxidation | ee 
HBrO + Ht +2e | Br-+ H,O -+-1.34 
Br | BrO-+ H,0 4+2e | Br- + 20H- -++0.76 
BrOs + 5H+ +4e | HBrO + 2H,0 44.45 
BrO3; + 2H,0 +4e | BrO- + 40H- +0.54 
2BrO3 + 12H+ +10e} Br. + 6H,O + 1.52 
2BrO; + 6H,O +10e) Br, + 120H- +0.50 
BrO; + 6Ht +6e | Br- + 3H,O +41 .45 
BrO; + 3H,0 +6e |} Br-~ + 6GOH- +0.61 
CH,0H + 2H+ +2e | CH,+-+ H,0 +0.59 
C,H,OH -+- 2H+ +2e | C,H, t+ H,O +0.46 
C,H,O. + 2H+* +2e | C,H,(OH). +-0.6994 
(quinone) (hydroquinone) 
(CN). t+ 2H+ +2e | 2HCN +0.37 
2HCNO + 2Ht +2e | 2H,0 + (CN), t --0.33 
HCNO + 2H+ +2e | HCN 4- II1,0 +0.35 
CNO--+ H,O +2e | CN- + 20H- —0.97 
Cc HCHO -+ 2H+t +2e | CH,0H +0.19 
CH,CHO + 2H+ | +2e | C,H,OH +0.19 
HCOOH + 2Ht +2e | HCHO —0.01 
CH,COOH + 2H*| +2e | CH;CHO —0.12 
HCOO- + 2H,0 | +2e | HCHO + 30H- —1.07 
CO, +-+ 2H* +2e | CO+-+ H,0 —0.12 
CO, [y N+ +6e | CO(NH,). + H,O +0.4 
+ 6H+ (urea) 
CO, ++ 2H+ +2e | HCOOH —0.20 
2CO, ++ 2Ht +2e H,C,0, —0.49 
Ca a+ +2e cal —2.87 
Ca(OH). + +2e | Ca} + 20H- —3.03 
Cd2+ +2e | Cd —0.402 
CdCoO, +2e | Cd} + CO2- —0.74 
Cd(NH,)2* +2e | Cd) + 4NH, —0.61 
Cd(OH), } +2e | Cd} + 20H- —0.81 
dS { +2e | Cd) + S?- —1.17 
Ce3+ + 3¢ —2.33 
c Ce(Cl0,)2- +e | Ce%++ 6Cl0;z +4.70 
® | Ce(NO,)2- +e | Ce3+-+ 6NOs +4 .60 
Ce(SO,)3- +e Ce3+ + 3S02- +1.44 
+2e | 2Cl- 


Cl 
Cl a +26 


Cl. + + H,0 
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Table 40 (continued) 


Symbol 
of ele- 


ment 


Highest degree Lowest degree of 
of oxidation oxidation 


2ClO- + 2H,0 Cl, ++ 40H- 
HClO + Ht Cl- + H,O 
ClO- + H,0 Cl- + 20H- 
HClO, + 2H* HClO + H,O 
2HCIO, + 6H* Cl, + + 4H,0 
HClO, + 3H+ Cl- + 2H,0 
ClO; + H,0 ClO- + 20H- 
ClO; + 2H,0 Cl- + 40H- 
ClO; + 3H* 

ClO; + H,0 

ClO; + 2H* 

ClO, +-+ H+ 


OFRPORPORPOPRPPRRORPROOPFPRPOFO 
CF 62 62 49 FCO CHP NE ODI NID on, 
Ondo 1D 


O CWO MO ONO) 


+ 
+ 
+ 
+- 
+ 
+ 
-+- 
+- 
+ 
+- 
+- 
+- 
+- 
+- 
+ 
+ 
+ 
+ 
+ 
+ 
+. 
+- 


a 
Co(OH)s + OH- 
Col -}+ S47 


Cr(OH)a4 
Cr(OH). 

CrO; + 2H,0 
Cr,02- + 14H+ 2Cr3+ + 7H,0 
Cr02- + 4H,O Cr(OH); 4 + 50H- 


3U4 


Table 4U (continued) 


Symbol| = Highest degre 
crete] Highest degree | ine |  Lowsst degme of | po, y 
Cs | Cst |+e | cs} | —2.914 
Cu?t +2e | Cu -+0.337 
Cut +e | Cu +0.521 
Cu?t +e | Cut +0.153 
Cu2t -+- Br- +e CuBr +0.64 
Cu2+ + Cl- +e | CuCl} +0.54 
Cu2+ + I- +e | Cul] -++0.86 
CuBr} +e Cul + Br- +0.033 
Cu Cu(CN)z +e | Cuy + 2CN- —0.43 
CuCl | +e | Cu} Cl- +0.137 
Cul} te | Cuy+1- —0.185 
Cu(NH,)Z* +e | Cu(NH3)¢ + 2NHg —(Q.01 
Cu(NH;,)z ye. au +- 2N 3 —0.12 
Cu(NH,)g* +2e | Cu} 4- 4NHg —0.07 
2Cu(OH), } +-2e uO, 20H- + —0.08 
+ Hy 
Cu,0 + + H,O +2e 2Cu + 20H- —0.36 
a +2e | Cul + 20H- —Q,22 
Cus | +2e | Cu} + S27 —0.70 
Cu,S } +2e | 2Cul + S?- —0.88 
CuSCN | +e | Cu} + SCN- —0.27 
F | Ft | +26 | 2K- +287 
Fe3t +e | Fe2t +0.771 
Fe3+ +3e | Fe —Q.036 
Fe?+ +2e|F —0.440 
Fe(CN)3- +e | Fe(CN)4- +0.356 
Fe FeCQ, iy +2e | Fe} + COs" —0.756 
Fe(C, B° +-e Fe(C,,H,N.)3* +1 .06 
(1,1 Caples roline) 
Fe(OH); +e haha Pe ae OH- —0.56 
Fe(OH) +2e |} Fel +2 —0.877 
FeO2- + 8Ht +3e | Fe3+ + iHLO >+1.9 
Fe,0,} + 8H* +8e are + 4H,0 —Q.085 
FeS | +2e | Fe) + S2- —0.95 
Ga GaSt +3e | Ga —0.56 
H,GaQO; + H,O | +3e | Ga} + 40H- —1.22 
Ge{ + 4H+ +4e | GeH, + <—0.3 
Ge?+ -+2e | Ge 0.0 
Ge GeO | + 2Ht +2e Gel +H,O 0.2 


305 


fable 40 (continued) 


Highest degree Lowest degree 
of oxidation ! ne of oxidation Eo, V 


GeO,}+4H+ | +4e | Ge} + 2H,0 —0.15 


H.GeO, + 4H+ | +4e | Ge} + 3H,0 —0.13 
GeO, } + 2H+ 2e | GeO| (brown)+ H,O}| —0.12 


HGe0s + 2H,O | +4e | Ge{ + 5OH- —1.0 


2H+ +26 | | +0.0000 
2H+(10-7.) 


HO, + 2H+ 
HOz + H,0 


HfO2+ + 2H+ 

HfO, | + 4H* 

HIO(OH), | + 
+ H,0 


se | + 2Br- 

Hg} + 4CN- 

2Hg | + 2CH,COO- 
+ C,03- 


(black) 
HgS { (red) 
Hg.SO4 + 


ICN 

2ICN + 2Ht 
21Cl 

21Clz 

21Cl, 

2HIO + 2H* 
210- + H,O 


20— 1845 
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Table 40 (continued) 


Symbol 
oe “Of oxidation =| +n oxidation B0, V 
HIO + H+ +2e | I-+ H,O 4+-0.99 
10- + H,0 +2e | I- + 26H- 4.0.49 
10; + 5H+ +4e | HIO + 2H,0 +444 
105 + 2H,0 +4e | 10-+ 40H- 1-014 
2105 + 12H+ +410e| I,} + 6H,O 4-419 
I 2105 + 6H,O +40e] I,4 + 120H- +0 ,24 
10; + 6H+ +6e | I--+ 3H,0 4-1.08 
10; + 3H,0 +6e | I--+ 6OH- +0.26 
H510, + H* +2e | 10s + 3H.O ~+1.6 
H,102- +2e | 103; + 30H- 07 
H,10, + 7H+ +8e | I--+ 6H,O ~+41 24 
H,102- + 3H,O | +8e | I- + 90H- A037 
In3+ +3e | In} —0.33 
In | In3+ +e | Int —0.40 
In(OH),} ; 
Ir3+ +3e | I ~+4 15 
IrCl3- +3e | Ir} + 6Cl- +0.77 
IrCl2- +e | Irclg- 4-402 
Ir | Ircl2- +4e | Ir} + 6Cl- 4-0.83 
1rd, + 4H+ +4e | Ir} + 2H,0 +-0.93 
1r0,4-+2H,0 | +4e | Ir} + 40H- -+0.4 
Ir,0,4-+3H,O | +6¢ | 2Ir} + 60H- +01 
K | K+ | ee Ee | 2925 
La | Last +3e a —2.52 
La(OH)s } +3e | La} + 30H- —2.90 
Li | Lit | Eeree ie a | ~3.03 
Mg | Me’ +2e Mey —2.37 
Mg(OH). | 4+2e | Mg) + 20H- —2.69 
Mn3+ +e | Mn?+ +1 .54 
Mn2+ 4+2e | MnJ —41.19 
Mn(CN)3- +e | Mn(CN)4- —0 244 
Mn | MnCO,} +2e Many + CO2- —1.48 
Mn(OH), 4+2e | Mn|+ 20H- —1.18 
Mn(OH)s, +e | Mn(OH),| + OH- +0.1 
MnO, -+ 4H+ +2e | Mn?+ + 2H,0 +4 .23 
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Table 40 (continued 


Symbol 
Rag | “of oxidation | tne | ear ici | 9, V 
MnO:- + 4H+ +2e Mn0 >| + 2H,0O +2 .26 
MnOj- 4- 2H,0- | +2e | MnO, } + 40H- +0.6 
vin | MnOa 4-e | MnO:- +0.56 
‘ MnOj,+ 4IlI* +3e | MnO, + 2H,0O +-4.69 
MnO; -++ 2H,O +3e | MnO,} + 40H- +0.60 
MnO; -++ 8H* +5e | Mn?+-+ 4H,O +454 
Mo3+ +3e | Mo —0.2 
Mo(CN)3- +e | Mo(CN)3- +0.73 
Mo | MoOi + 4H+ 4+-2e | Mo3+-+ 2H, ~0.0 
MoQ2+ +e | MoO; +0.48 
H,MoO,-+ 6H+ | +6¢ net + 4H,O 0.0 
MoO2- + 4H,O | +6e | Moy + 80H- —1.05 


HN, + 41H* +8e | 3NHi 0.69 
Ng Bethel i Neat NH, + 70H- zs 
e —ovo. 
aN? f 42e | 2N5 3.4 
No ¢ 4 HO + | +2e | (2NH,OH)H* —1.87 
4 + 
Natt 0 TTL Hone | 0.33 
N + e = —0O, 
Not 4H,0 +4e | Nol, + 40H- —1146 
No + 8H*+ +6e 2NH +0.26 
N24 8H,0 46e | 2NH,OH + 60H- —0.74 
(N,H,)H* + 3H* +2e | 2NHT +1.27 
Noi, + 4H,0 | +2e | 2NH,QH + 20H- +0.4 
(NH,OH)H*+t + 4+2e | NH{ + H,0 +4.35 
+ oH* 
NH,OH + 2H,0 | +2e | NH,OH + 20H- +0.42 
HaNo0-+ 2H? | +2e | Ng+-+ 2H,O +265 
H2N20, + 6H*+ | +4e | (2NH,OH)H*+ +0.50 
ira ad ae a 
é€ . 
NO + H,O +e | NO++ 20H- —0.46 
9HNO, + 4H+ | +4e | N,0+-+ 3H,0 +129 
2HNO, + 6H+ | +6e | Nat-+ 4H,0 44.44 
QNOz-+ 4H,0 | +6e | Nat+ 80H- +0.41 
HNO,-+7H* | +6e | NH¢-+ 2H,0 +0.86 
NOz + 6H,0 +6e | NH,OH + 70H- —0.15 
N,O +-+ 2H+ +2e | N.++ H,O 44.77 
NO++H,O | +2e | No++ 20H- +0.94 
QNO4*++4H+ | +4e | No++ 2H,O +1.68 
2NO ++ 2H,0 | +4e | No+-+ 40H- +0.85 


20 


Highest deeree 
of oxidation 


gees ag 


+ 8H+ 

+ 4H,O 

3H+* 
NO; + H,O 
NO; + 2H+ 
NO; + H,O 
NO; + 4Ht+ 
NO; + 2H,0 
2NO 5 + 12H+ 
NO; + 8H+ 
2NO; + 17H* 
NO; + 10H+ 
NO; + 7H,0 


Nat 


Nb3+ 

Nb,O, | + 10H+ 

NbO$+ + 2H+ 

NbO(SO,4)z + 
+ 2H+t 


+10¢ 


O, t-+ 4H* 
O,+-+ 4H+(10-7M)| + 4e 
O,+-+ 2H,0 +4e 


Table 40 (continued) 


Lowest degree of 
oxidation 


4 


+28 
Nb{ +H,O +2803] —0.63 


Ni} —0.23 
Ni(CN)3~ + CN- 

Nid + CO2- 

Ni} + 20H- 

Ni} + 6NH, 

Ni2t + 2H,O 

Ni(OH),} + 20H- 

Ni2+ + 4H,O 

Ni-+ S2- 
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Table 40 (continued) 


Symbol} Highest degree Lowest degree of 


oxidation | Eo, Vv 


Lig of oxidation | -+ne 
Os** +2e | Os} +0.85 
OsCl2- +e | OsCl?- +0.85 
OsCl3- +3e | Os} + 6Cl- +0.71 

Os OsC]3- +e | Os?+ + 6Cl- +0.4 
OsO,} + 6Cl- + | +4e | OsClg- + 4H,0 +1.0 

+ 8H*+ 

OsO,} + 8Ht +8e a + 4H,O +0.85 
HOsO; + 4H,O | +8e | Os} + 9OH- +0.02 
P| -+ 3H+* +3e PEt -+0.06 
PI + 3H,0 +3e | PH,+-+ 30H- —0.89 
H,P0O, + H+ +e | P}|+ 2H,0 —0.54 
H,PO; +e | P)}+ 20H- —2.05 
H,PO, + 3H* +3e | P} + 3H,O —0.50 
H,sPO, + 2Ht +2e H;PO, + H,0 —0 50 

P HPO?- + 2H,O | +2e H,POz + 30H- —1.57 
H,P,0, + 2H* +2e | 2H3PQ; +0.38 
H,PO, + 5H* +5e | P|-+ 4H,O —0.41 
H,PQO, + 4Ht +4e HsE Oa -}- 2H,0 —0.39 
2H,PO, + 2H* +2e | H,P.O, + 2H,O0 —0.94 
H,PO, + 2H+ +2e | H,PO3; + a —0.276 
PO?- + 2H,O +2e | HPO2- + 30H- —1.12 
Pb2+ +2e | Pb —0.126 
Pb4t +2e | Pb*+ +1.8 
Pb4+ +4e | Pb +0.84 
PbBr, } +2e | Pb 2Br- —0.274 
PbCO, } +2e | Ph} + CO3- —0.506 
PbCl, + +2e | Phy + 2Cl- —0.266 
PbF, } +2e | Ph} + 2F- —0.350 
PbI,{ 4-2e | Phy + 2I- —0.364 
PbO | + H,O +2e | Ph} + 20H- —0.58 

Ph HPbO; + H,O +2e | Pb} + 30H- —Q,54 
PbO,} + H,0 +2e | PbhO| + 20H- +0.28 
PbO,} + 4Ht +2e | Pb?+-+ 2H,O +4 .455 
Bad a5 4H+-+ | +2e | PbSO,} + 2H,0 +1.68 

S -_ 

Phot -+- H,O | +2e | PbO?- + 20H- +0.2 
PbS +2e | Pb} + S?- —0.91 
PbSO, } +2e | Ph} -+ SO?- —0.356 
Pd?2+ +2e | Pd +0 .987 

Pd PdCly- +2e | Pd} + 4Cl- +0 .623 
PdCl- +2e | PdCl?- + 2Cl- +1 .29 
PdCli- -+4e bal + 6Cl- +0.96 
Pd(OH), + +2e | Pd} + 20H- +0.07 
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Table 40 (continued) 


Symbol Hich 
eae apse | ane | Teeter et | wx, v 
Pd | Pd(OH),4 | +-2e | Pd(OH),} +- 20H- | a2 0 73 
Pt?t +2e | Pt ~+1.2 
PLCli- +2¢ 1 + ACI- +0.73 
Pt | Ptcl?- +2e | PtCl?- -+ 2Cl- +-0.720 
Pt(OH), 2 +2e a -+ 20H- 41-0.45 
Pt(OH),} -+ 2H+ | +2e + 2H,0 +-0.98 
Pus +3e | Pul —2.03 
7 Puss +e | Pudt 0.970 
u aa | +e | PuOt +0.916 
PuO3* — 4H+ +2e | Putt -+ 2H.O +1.04 
Pu(Ol)s ay +-3e | Pu} + 3011- e192 
Pu(OH),4 --e | Pu(OH),) + OHI- —0.95 
Ra | Ra?+ | +2e | Ray | 2.92 
Rb | Rbé |e | Roy | —2.93 
Re} +-e Re- —().4 
Ret +2e | Re- —0.23 
Re3+ +3e | Re e038 
Aeot + 4H+ +4e | Re} + 2H,0 +0.26 
Re | ReO,{-+ 2H+ +2e | ReO,} + H,O PO, 
ReO; + 8H*+ +-7e | Re} + 411,0 -- 0.37 
ReO; + 4H+ -+3e | ReO,)-+ 2H, +0.51 
ReO; + 2H+ +e | ReO,{+ 2H,0 +0.77 
ReO;z + 4H,0 +7e | Re} + 80H- —0.584 
ReO; + 2H,0 +3e | ReO,| + 40H- —0.595 
Rh3+ +3e | Rh ~+0.8 
RhCl3- +-3e | Rh} + GCI- +0.44 
rh | Rh2Os}+6H*+ | -FGe | 2Rh} + 3H,0 -+-0.87 
RhOg 4 4H + |-++e | RhCI3- + 2H,0 >+1.4 
RhO2+ + 2H+ +e | Rh3++ H,O +1.40 
RhO?- + 6H+ +2e | RhO2++ 3H,O +1.46 
Ru?+ +2e |] Ru +0.45 
RuCl, +3e | Ruy + 3Cl- +0.68 
Ru RuC Cle 4-2e | Ru®+ 4- 5Cl- -|-0.3 
RuClOl2--F Mt} +e | RuCk--+-H,0 +13 
RuO;z -te | Rud?- +0,59 
RuO,} +e | Rud; +1.00 
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Table 40 (continued) 


Symbol Highest degree 
hs of oxidation ne act orrec of E0, V 
SI +2e | S3- —0.48 
S}+ 2H+ +2e | H,S+ -+0.44 
5S | +2e | S$ —0.34 
S (SCN), + +2e | 2SCN- +0.77 
S07 +2e | 25,02 +0.09 
S,02- + GH*+ +4e | 25+-+ 3H,O 40.5 
2H.SO, + 2H +4e | S,0}" + 3H,0 +0.40 
2S02- + 3H, +4e | S,02- + 60H- —0.58 
2H,S0,-+H* | +2e | HS,0; + 2H,0 008 
2502- + 2H,O | +2e | S,0} + 40H- —1.12 
SO2- -+ 4H+ +2e | H,SO, + H,0 +0.17 
SOf- + H,O +2 | SO3- + 20H- —0.93 
2S03- + 10H* +8e | S,03- + 5H,O0 +0.29 
2502- + 5H,O | +8e | S,05- + 100H™ —0.76 
SO2-+ 8H?+ +6e S| + 4H,0 +0.36 
SO2- + 4H,O +6e | S| + 80H- —0.75 
SO!- + 10H* +8 | H,S + 4H,0 +.0.31 
SO?- + 4H,O +8e | S?- + 80H- —0.68 
S,02- +2e | 2803- +-2.0 
Sb{ + 3H+ +3e | SbH, —0.51 
SbO- +. 2H+ +3e | Sb} + H,O +0.212 
Sb,0,{ + 6H* 46e | 2Sb{ + 3H,0 +0.452 
Sb | SbO; + 2H,0 43e | Sb| + 40H- —0.675 
Sb,0,}44-4H*+ | +2e | 25b0* + 2H,0 +0.68 
Sb,0, 4 + 4H?+ +-4e | Sb,03} + 2H,0 +0.69 
Shor] + oll+ | +4e | 28b0* + 3H,0 +0.58 
SbO; + H,O 42e | SbOz; + 20H- —0.43 
OU ile Le ee cal ee ee eee eee 
Sc | Sc3+ +3e | Sc{ —2.08 
ce ee we ee 
Se} +- 2H+ +2e | H.Se t —0.40 
Se 11,SeO, + 4H*+ 4-4e ta + 3H,O +0.74 
ScO2- + 3H,O | +4e | Se} + 60H- —0.366 
SeO2- + 4H+ 4-2e | H,SeO3 + He +445 
SeO;- + H,O +2e | SeO2- + 20H- +0.05 
PO Rai cA aR (Seti ral eevee (ae 
Hi -+ 4H+ +4e | SiH, +0.10 
. Si} -- 4H,O 4-4e | SiH, | 4- 40H- —0.73 
Si SiF2- +4e | Si} + GF- =4.2 
SiO.) + 4H+ +4e | Sil + 2H,0 —0.86 
eee +-4e | Sil + 3H,O —Q.79 
SiO2- + 3H,O | +4e | Si} + 60H- AW 
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Table 40 (continued) 


Symbol : epten ‘pe 
yi vor oxidation’ =| tne |" CStaation | EY, V 
t 
Sn2+ +2e | Sn] —1,140 
Snit+ +2e | Sn? +015 
Sn Sn‘t +4e | Sn +-0.01 
a HSn0z;+H,O0 | +2e | Sn} -+ 30H- —0.91 
Sn(OH)3- +2e | HSnO; 4- 30H- + —0.93 
+ H, 
Sr | ort | +2e | SrJ | —2.89 
Ta | Ta,0; } + 10H+ +10e] 2Ta} + 5H,O | —0.81 
Te, + 2H+ +-2e | H,Tet —0.72 
e +2e | Te2- —1.14 
TeQ,) + 4H* +4e | Tel + 2H,0 +0.53 
Te TeO, ++ 3H+ +4e Tel + 2H,O +0.56 
TeO3- + 38H,O | +4e | Te! + GOH- 0,57 
H,TeO,} + 2H* | +2e | TeO,| + 4H, + 1.02 
TeO}- + H,O | -+2e | TeO#* + 20H- ~+0.4 
Thé- +4e | Th —1.90 
ss Th(OH), } +4e Tht + 40H- | —2.48 
Ti2* +2e | Ti —1.63 
TiO, } + 4H* +4e | Ti) + 2H,0 —0.86 
Ti | Ti0?* + 2H+ +4e | Ti} + H,0 ~ —0.88 
TiO** + 2H* +e | Ti?++ HO ~+0.4 
Ties +e | Ti?+ —0.37 
Tike” +4e | Ti} + 6F- —1.19 
Tl+ +e | Tl —0.336 
TIBr} te | Tll+ Br- —0.656 
rm | Ticly +e |Tl/+cl- —0.557 
TIOH +e | Tl) -+- OH- —0.344 
13+ +2e | Ti+ +1.28 
T1,0,;) + 3H,O | +4e | 2Tl+ + 60H- +0.02 
Us +3e | Ut —1.8 
U4+ +e | U3t+ —0.64 
U(OH)s, +3¢ ot + 30H- —2.17 
U UO,} + 2H,0 +4e | U} + 40H- —2.39 
UOt + 4H +e | U4++ 2H,0 40.55 
UO3t +2e | UO. +0.45 
| UO2+ + 4H+ +2e | U4*+ 2H,O +0.33 
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Table 40 (continued) 


Symbol 
of ele- 
cs aa aL) (GM Pa a | 


Lowest degree of 


Ilighest degree 
oxidation 


of oxidation 


vO? 

VOt + 2H? 
VOt + 4H+ 
VOt + 4H+ 
VOt + 4H+ 

V O3- + 6H* 
H,VOz +. 4H+ 


aah 2H, 0 

v2++ 2H,0 
V | 1 2H,0 
VOt + 3H,0 


Ver 

V 3+ 

VO2+ + 2H*+ | 
fide [EYRE | ESE Vo2+-+ 3H. O 


Wi-+ 2H,0 


Zn(CN yg" 
Zn(NH3)3* 
Zn (OH), +: 
Ae -+- 2H,O 
Zns { (wurtzite) 


ZrO?+ + 2Ht +4e 
Zr | ZrO,}-+ 4H* age 
H.Zr0O,{ + H,0 +4e 
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Table 42 
Spectral Wavelengths and Colours Corresponding to Them 


Ranges of the wave- Supplementary colour 
lengths of the light | Colour of the radiation | ‘(ghserved colour of 


being absorbed, nm being absorbed solution) 


400-450 Violet Y ellow-green 
450-480 Blue Yellow 
480-490 Green-blue Orange 
490-500 Blue-green Red 

500-560 Green Purple 
560-575 Yellow-green Violet 
975-990 Yellow Blue 

990-625 Orange Green-blue 


625-750 Red Blue-green 
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Table 44 


Properties of Selected Solvents 


Den- 
Molecular | sity at | Refra- 
No. Solvent Formula weight, |929c | ctive 
; g/cm3 index 
4] Acetic acid CH3COOH 60.054 {1.049 |1.372 
2{ Acetone CH3COCH3 58.081 791 11.359 
CH3 
3 | Amyl acetate CHsCOOCH:CH.CH 130.190 |0.856 /1.400 
(iso) “oH 
3 
H3C 
4) Amyl alcohol CH CHe-CH20H 88.151 |0.806 |1.406 
(iso) s A 
3C 
5| Aniline CeHpNHe 93.130 [1.022 11.586 
6] Benzene CeHe 78.144 |0.8790]1.50144 
7| Benzyl alcohol CgsH5;CH20H 108.144 [1.045 [1.539 
8] Butanol (iso) (CH3)2CHCH20H 74.124 |0.803 |1.396 
9 | Butanol (normal) CsH,OH 74.124 |0.810 [1.399 
10] Butyl acetate CH3COOC4aHg 116.162 |0.882 [1.395 
(normal) 
11] Butylamine CaHgNHe 73.140 {0.740 41.401 
(normal) 
12] Butyl cellosolve | HO-CHg-CHa-O-C4Hg | 118.178 |0.902 [1.417 
(ethylene gly- 
col mono-7- 
butyl] ether) 
13 | Carbon disul- CSa 76.143 {1.263 [1.627 
phide 
14} Carbon tetrach- CCl4 153.839 [1.595 11.4614 
loride 
15] Chlorobenzene CeHs5Cl 112.563 [41.107 {1.525 
(mono) 
16] Chloroform CHC]l3 119.390 11.489 |1.446 
17 | Cyclohexane CeHia 84.163 10.779 11.426 
18} Cyclohexanol CeHi10H 100.162 |0.494 |1.465 
19 | Cyclohexanone CeHi90 98.146 |0.949 11.452 
20 | Decalin (deca- CioHis 138.255 |0.890 14.475 


ge ee I GE A Ng SS SPE a OE SST 


hydronaphtha- 
lene) 


+16.6 
—94.9 


Boiling 
point, 
°C 


118.1 
56.1 


135.5 


81 
161.5 
155 
189-192 


Surface 
Vapour | "280" | goiupility 
pressure, 90 °C in water, 
cm Hg dy- | g/t00 ml 
nes/cm 
1.5 (25 °C) | 27.8 co 
22.9 (25 °C) | 23.7 oo 
15.7 (20 °C) — 0.25 (15 °C) 
0.2(20 °C) | 23.7 | 2-87 (25 °C) 
0.24 (50 °C)| 42.9 3.66 (25 °C) 
9.6 (25 °C) 28.9 0.175 (20 °C) 
0.14(60°C) | 38.3 | 3-66 (20 °C) 
1.8 (31 °C) _ 8.5 (20 °C) 
0.64 (25 °C)| 24.6 7.9 (20 °C) 
18 (20 °C) Aa 2.3 (20 °C) 
— 21.6 co 
0.9 (20 °C) = 50 
29.8(20 °C) 33.6 0.18 (20 °C) 
11.5 (25 °C) 26 0.08 (20 °C) 
0.88 (20 °C)| 33.2 | 0-049(30 °C) 
19.9 (25 °C) 27.1 0.82 (20 °C) 
7.8 (25 °C) = 0.01 (20 °C) 
4.0 ¢56 °C) 34.0 4.0 (20 °C) 
0.85 (20 °C) —_— 2.4 (30 °C) 
0.06(20°C)} — | practically 


insoluble 


ric 


Flash 
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constant,| Point, |No. 


(~ 20 °C) 


tw 
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No. 


21 


Solvent 


o-Dich loroben- 
zene 

Dichloroethane 
(ethylene 
dichloride) 

Diethyl ether 
(ethyl ether) 

Difsopropy] ether 
(isopropyl 
ether) 


1, 4-Dioxane 
Ethanol 
Ethanolamine 
Ethy] acetate 


Ethylene glycol 


Furfurol 
Glycerin 
Hexane (normal) 
Methanol 
Methyl] cellosol- 
ve (ethylene 
glycol mono- 
methyl ether) 
Methyl ethyl 
ketone 
Methyl] isobutyl 
ketone (hexone 
Nitrobenzene 
Octane (iso) 
Octane (norma)) 
Propanol (iso) 
Propanol (nor- 
mal) 
Pyridine 
Sulphuric acid 


Tetralin 
Toluene 
Turpentine 
Water 


48 Xylene (mixture 


of isomers) 


Formuia 


CgHaCle 


CHeCl -CH3Cl 


Col!gsQ0CaH5 


II3C Ciig3 
\ he 
CH-O-CH 


Va \ 
HyC CHg3 
(CH2)402 
C2HsO0H 
HeNCHeCH20H 

CHsCOOC2Hs 
HOCH2CH20H 
CgHgCHO2 


CH2.0OHCHOHCH20H 


CeHi4 
CH3s0H 


HO-CH2-CH2-O-CHg 


CH3COC2Hs5 


(CH3)2CHCH2COCH3 


CeHsNO2 
CaH is 
CgH18 

C3H70H 
C3glH70H 


CsH5N 
H2S04 


CioHi2 
CeHsCH3 


Molecular sick Refra- 


weight, 
M 


147.012 


88.108 


76.097 


72.108 
100.162 


123.1144 
114.232 
114.232 
60.097 
60.097 


79.103 
98.082 


132.207 
92.141 


18.016 


106.169 


ctive 
index 


-792 {1.329 
965 [1.103 


eo CO = em me CO em OC pe 
to) 
oo 
i) 


1.379 
1.396 


1.203 {1.552 
0.708 |1.4014 
0.703 |1.398 
0.789 |1.381 
0.804 |1.385 


0.982 
1.834 


1.509 
1.429 


0.971 {1.543 
0.866 11.496 
0.85-0.88)/—1. 47 
0.997 |1.333 


0.88 |1.506 
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Table 44 (continued) 


Surface ; 
ne Boiling| Vapour | *°"8!0" | ccuuninity | Plelect- | mash 
point, | Point, pressure, 90°C in water, | constant.| Point, |No. 
°C , gl cm Hg dy-- g/i100 m] (~ 20 °C) . 
nes/cm 
—16.7 |4180.2 | 0.413 (25 °C) — * | 0.014 (25 °C) 7.5 77 «| 21 
—35.3 | 83.5 7.7(25°C) | 0.84 | 0.87 (20 °C) 10.5 12 | 22 
—117.6] 34.6 | 53.7(25°C) | 16.5 6.95 (20 °C) 4.3 —40 | 23 
<—60| 68 15.8 (20 °C) | 32 1.2 (25 °C) — —22 | 24 
+14.7] 104.4 2.7 (20 °C) | 36.5 00 3.0 5 25 
—1141,8| 78.32] 5.9(25°C) | 21.9 00 25.0 11 26 
+10.5]172.2 ae = co = — | 27 
—83.6] 77.15] 7-3(20°C) | 23.75 |°7.9(20 °C) 6.2 4.4 | 28 
—17.4]197.4 3.9 (120 °C)] 47.7 co 41.2 — |29 
—39 162.1 2.5(72 °C) | 43.5 8.3 (20 °C) 41.9 94 30 
+18.2] 290 | 0.1(125 °C)) 64.5 co 43 160 31 
—94 68.8 | 15.1(25°C) |18.4 |0.014(16 °C) 1.9 |—-31 32 
—94.90] 64.65] 12.4(25 °C) | 22.5 00 32.3 6.5 | 33 
= 124.5 6.2 (20 °C) = oo 17.2 36 34 
— 86 79.6 9.84 (25 °C)} 24.6 27.3 (20 °C) 18.4 |—7-2 | 35 
—84 [415.65] 2.0(25°C) | — 2.3 (25 °C) — 15.6 | 36 
+5.7 | 240 0.75 (80 °C) | 43.6 0.19 (20 °C) 35.5 90 37 
—60 118 = = = = <—1i2 | 38 
—57 125.0 1.4 (20 °C) 0.0015 (20 °C) 2.0 [+17 39 
—88.5] 82.3 | 10.0(39°C) | 21.7 oo 18.6 18.8] 40 
—127 97.2 1.45 23.6 = a 25 41 
—38.21115.4 1.54 36.6 00 12.5 20 42 
+10.5] (330) [|<0,001 (25 °C)} (55) 00 >84 Does | 43 
not 
ignite 
—35 207.3 | 0.03 (20 °C) - ~ 0,001 (20 °C) _ 78 44 
—95 110.8 | 2.8(25°C) | 28.4 0.047 (20 °C) 2.4 5 45 
= 453-180 | 0.45(20 °C) | 14.4 ~0.2(15 °C) 2.17 | 30-37 | 48 
0.00/100.0 | 2.38(25 °C) | 72.75 = 80 Does | 47 
not 
ignite 
—25.3 | 136-145 | 1.0(20°C) | 28 0.013 (25 °C) 2.4 20 48 
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of Diethyl! Ether 


Extracted, % 


Te oo ee 
HCE normatity in the aqueous phase 


AI 


4 2. 4 $5 6 
H&r normatity in the aqueous Phase 


Table 45 (continued) 


E. Extraction of Various Elements from Hydrochloric, 
Hydrobromic, Hydroiodic and Nitric Acids by an Equal Volume 


0 
} 2 3 
HI normatity in the 


Eatractea, 7, 


2 4 «6 
HN Q3 normatity in th 


4 § & 
agueous phase 


8 10 te 14 
e agueous phase 
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Table 46 


Separation of Organic Compounds 


A. Classification of Individual Compounds According to Their 
Behaviour under the Action of Some Reagents 


A test of the examined compound is consecutively treated with 
the following reagents: (a) distilled water, (b) diethyl ether, (c) 1.2N 
hydrochloric acid, (d ) 1.5.N sodium bicarbonate solution, (e) 2.5V 
caustic soda ae (f) concentrated sulphuric acid, and (zg) 85% 
phosphoric acid. 

These reagents are used to treat separate portions of the test in the 
given order. A test is considered to be soluble in one reagent or another 
if it dissolves upon shaking for two minutes at room temperature in 
a quantity vilieh is 30 times greater in mass than the given reagent. 


4. Water treatment 
| 


Dissolves Does not dissolve 
| 
2. Ether treatment 3. 14.2N HCl treatment 
| | 
Dissolves Does not dissolve Disselves Does not dissolve 
| 
Group P, Group Ps Group O 
4, 2.5N NaOll treatment 
—| 
Dissolves Does not 
| dissolve 
5. 1.5N NaliCO, 
treatment 
N or S N and § 
is present are absent 
Se 
: Docs not 
es 
Dissolv dissolve 
Group M 
Group Ko 6. Concentrated 
Group Ki a a H2SO, meatment 
aie bis Does not dissolve 
Group H Group I 
7. Fah treatment 
[a 
Dissolves A 
S Does not dissolve 


Subgroup H, Subgroup i" 


348 


[able 46 (continued) 
B. Composition of Groups (see Table 46,A) 
(the chief compounds of every group are italicized) 


Group P, 


Mainly monofunctional compounds with five or less carbon atoms 
in a molecule. 


1. Presence of only C, H and O Nitroparaffins 
Alcohols Oximes 
Aldehydes and ketones 3. Presence of a halogen 


Carboryl acids Halogen-substituted comp- 
Acetals ounds of subgroup I 
Anhydrides 4, Presence of S 

Ethers and esters Oxyheterocyclic S-compounds 
Some glycols Mercapto acids 


Lactones Thioacids 
Phenols (partially) 5. Presence of N and _ halogens 
2. Presence of N Halogenated amines, amides, 
Amides nitriles 
A mines 6G. Presence of N and §S 
Heterocyclic amines Aminoheterocyclic compounds 
Nitriles 
Group TP, 


Substances having an average molecular weight, with two or more 
polar groups (except for a bene and sulphinic acids, which belong 
to the P, group, although they have only one polar group in a mole- 
cule). 


4. Presence of only C, H and O- 4. Presence of halogens 


Dibasic and polybasic acids 

Hydrozyacids 

Polybasic alcohols 

Polybasic phenols 

Simple carbohydrates 

. Presence of metals 

Acid and phenol salts 

Various metal-containing com- 
pounds 

. Presence of N 

Amine and organic-acid salis 

Amino acids 

Ammonium salts 

Amides 

Amines 

Amino alcohols 

Semicarbazides 

Semicarbazones 

Ureas 


Halogen acids 

Acyl halogenides (as a result 
of hydrolysis) 

Halogen alcohols, halogen al- 
dehydes, etc. 


. Presence of S 


Sulphonic acids 
Alkyl sulphonic acids 
Sulphinic acids 


}. Presence of N and a halogen 


Amine and halogen-acid salts 


. Presence of N and S 


Aminodisul phinic acids 
Hydrosulphates of weak bases 
Cyanosulphonic acids 
Nitrosulphonic acids 
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Table 46 (continued) 
Group O: Bases 


Diaryl- und triaryl-amines, and also carbazols, belong to the 
M group. In addition to the listed below the O group includes a small 
number of oxygen-containing compounds which form oxonium salts 
when treated with HCl. 
A mines (Amines with sufficiently | Amphoteric compounds (amino- 


strong negative components phenols, aminothiophenols, 
belong to the M group) aminosul phoamides) 
Amino acids Aryl-substituted hydrazines 


N-Dialkylamides 


Group A;: Strong Acids 


1. Presence of only C, H and O _ 3. Presence of S 


Acids (usually, the number of Sulphonic acids 

carbon atoms in a molecule Sulphinic acids 

is less than 10) 4, Presence of halogen 

2. Presence of N Halogen acids 

Amino acids Polyhalogenophenols 
Nitro acids 5. Presence of N and S 
Cyano acids Aminosulphonic acids 
Heterocyclic nitric and carbo- Nitrothiophenols 

xylic acids Sulphates of weak bases 
Polynitrophenols 6. Presence of S and halogens 

Sulphohalogenides 


Group A,: Weak Acids 


1. Presence of only C, H and O Nitroparaffins, primary and se- 
Acids (high-molecular) condary . 
A nhydrides Trinitro aromatic hydrocar- 
Phenols (including esters of bons 
phenol acids) Ureides 
Enols 3. Presence of halogens 
2. Presence of N Halogenophenols 
Nitrophenols 4. Presence of S 
Amides (including N-mono- Mercaptanes 
alkylamides) Thiophenols 
Aminophenols 5. Presence of N and halogens 
Amphoteric compounds Polynitrohalogenated aroma- 
Cyanophenols tic hydrocarbons 
Imides Substituted phenols 
N-Monoalkyl aromatic tmines’ 6. Presence of N and S 
N-Substituted hydroxylamin- Aminosulphonamides 
es Aminosulphonic acids 
Amino acids Aminothiophenols 
Oximes Sulphamides 


Thioamides 
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Table 46 (continued) 


Group M 
Neutral compounds cuntaining nitrogen or sulphur. Only 


a few of them are distilled with vapour. 
(Only the most common classes are given) 


4. Presence of N 2. Presence of S 
Anilides and toluidides Mercaptanes 
A mides N-Dialkyl sulphoamides 
Nitroarylamines Sulphates, sulphonates 
Nitro hydrocarbons Sulphides, disulphides 
Aminophenols Sulphones 
Azo, hydrazo and azoxy com- Thioethers 
pounds Thiourea derivatives 
Di- and tri-arylamines 3. Presence of N and § 
Dinitrophenyl hydrazines Sulphamides 
Nitrates 4. Presence of N and _ halogen 
Nitrites Halogenated amines, amides, 
nitriles 
Group H 


Neutral compounds not containing nitrogen and sulphur. Distilled 
off with vapour. The H, subgroup includes compounds containing not 
more than 7-8 carbon atoms in a molecule; the H, subgroup contains 
the remaining compounds of this group. 

Alcohols 

Aldehydes and ketones 

Esters 

Ethers 

Unsaturated hydrocarbons 
(Acyclic unsaturated hydrocar- Anhydrides 

bons and the cyclic unsaturated Lactones 


hydrocarbons which easily Polysaccharides (they carbonize 
au puUrize) in concentrated H,SQO,) 
Aceta 


Group I: Inert Compounds 


Hydrocarbons (including most Halogen derivatives of hydrocar- 
cyclic hydrocarbons and all bons 
ues acyclic hydrocar- Diary] ethers 
ons) 


Table 46 (continued) 


dof 


C. Various Organic Compounds Belonging to the Main Groups 


Compound | Group 
Acids 
n-Butyric PS 
Chloroacetic Py 
a-Chloropropionic Pp, 
Crotonic P, 
Isovaleric P,-K, 
Valeric K, 
Alcohols 
tert-Amy]l P, 
Benzyl H, 
n-Butyl P, 
Cyclopentanol H, 
Isoamyl P,-H, 
Isopropyl methyl 
carbinol P,-H, 
Aldehydes 
n-Butyric P,-E 
Isobutyric P H 
Isovaleric H, 
A mides 
Acetamide P,-P 
Acetanilide M 
Butyramide P.M 
Formamide P,-P 
Formanilide P,-M 
Isobutyramide P,-P 
Propionamide P,-P, 
Ethers 
n-Butyl 
Diethyl oe 
Diisopropyl Hu. 
Ethyl isopropyl P H 
Ethyl methy] ; . 
Aromatic 
hydrocarbons 
Cymene 
Dipheny!l methane H,-I 
Naphthalene I 


Compound 


1 ,2,3,5-Tetrame- 
thy] benzene 
(Isodurene) 

1 ,3,5-Trimethyl 
benzene (Mesi- 
tylene) 

m-X ylene 

o-X ylene 

p-X ylene 


Amines 


n-Amylamine 
Aniline 
Benzylamine 
Diethylamine 
Di-n-butylamine 
Di-n-propylamine 
Isoam ylamine 
Piperidine 
Tri-n-propylamine 
Esters 


Benzyl acetate 
n-Butyl acetate 
sec-Butyl acetate 
n-Butyl carbona- 


te 
n-Butyl formate 
n-Butyl oxalate 
Ethyl acetate 
Ethyl benzoate 
Ethyl caprylate 
Ethyl carbonate 
Ethyl malonate 
Ethyl oxalate 
Ethyl phthalate 
Ethyl succinate 
Isopropyl! acetate 
Methyl carbonate 
Methyl isobutyra- 

te 
Methyl isovalerate 
Methyl malonate 
Methyl propionate 


Group 


Joe 


Compound | 


‘n-Propyl acetate 
n-Propyl formate 


Nitriles 


n-Butyronitrile 
Isobutyronitrile 
Propionitrile 


Ketones 


Acetophenone 
Benzophenone 
Benzyl ketone 
Cyclohexanone 
Cyclopentanone 
Di-n-b 


Ethyl methyl ke 
tone 

Isopropyl methyl 
ketone 


D, Widespread Compounds Whose Belonging to a Group Is Dfficult 


Foresee 


Compound | 


Acetal 
Acetamide 
Acetophenone 
Acetoxime 
Acetyl piperidine 
Adipic acid 
Allyl acetate 
Allyl alcohol 
B-Aminoethy] al- 
cohol 
a-Aminoisobuty- 
ric acid 
m-Aminophenol 
o-Aminophenol 
p-Aminophenol 
o-Amino-p-valeric 
acid 
n-Amyl alcohol 
sec-Amyl alcohol 


utyl ketone 


Table 46 


Compound 


Methyl-n-propyl 
ketone 
Pinacoline 
Succinonitrile 
Trimethylene cya- 
nide 
Nitro compounds 


Nitrobenzene 
Nitroethane 
Nitromethane 


Phenols 


Chlorohydroqui- 
none 
Hydroquinone 
Phenol 
Phloroglucinol 


Group | Compound 
P,-H, tert-Amyl alcohol 
P,-P, n-Amylamine 
H, Aniline 
P, Anthranilic acid 
P, Azelaic acid 
K, Barbituric acid 
P,-H, Benzene _ sulphi- 
P, nic acid 
Benzene — sulpho- 
P, nic acid 
Benzidine 
P, Benzoy] acetone 
P,-P,-K, || Benzoyl carbinol 
P,-P,-K, || Benzyl alcohol 
K, Benzylamine 
Benzyl malonic 
K,(O) acid 
H, Benzyl salicylate 
P,-H, Biuret 


(continued) 


Group 


P,-H, 
P,-Hy 


P,-P.-M 


P,-M 


Compound comport | groun | campount | ron 


Bromal 
a-Bromopropionic 
acid 
n-Butyl acetate 
sec-Butyl acetate 
n-Butyl alcohol 
n-Butyl carbonate 
n-Butyl ether 
n-Butyl formate 
n-Butyl oxalate 
n-Butyraldehyde 
n-Butyramide 
n-Butyric acid 
n-Butyronitrile 
n-Butyryl chloride 
Camphor 
nate 


Chioral 
8-Chloroethyl] ace- 


disulphi- 


tate 
Chlorohydroquino- 
ne 
a-Chloropropionic 
acid 
Citric acid 
Cyanoacetic acid 
Cyclohexanol 
Cyclohexanone 
Cyclohexy! aceta- 


te 

Cyclohex ylamine 

Cyclopentanol 

Cymene 

Diacetone alcohol 

Dibenzoyl metha- 
ne 
a,B-Dibromopro- 

ionic aci 

2, é Dichlorohydro- 
quinone 

a ,a-Dichlorome- 
‘thyl ether 

2,6-Dichloro-4-ni- 
troaniline 


23 — 1845 


Group | Compound 
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Table 46 (continued) 


Diethylamine 
B-Diethyl amino- 
ethy!] ether 
Diethy! barbitur- 
ic acid 
Diethyl ether 
Diethyl ketone 
Dimethy] acetal 
2 ,4-Dinitroaniline 
Di-n- -propylamine 
Dipheny! methane 
Dioxane 
Durene (1,2,4,5- 
Tetramethy! 
benzene) 
Ethyl acetate 
Ethyl acetoacetate 
Ethyl] benzoate 
Ethyl carbonate 
Ethyl lactate 
Ethyl malonate 
Ethyl mercaptan 
Ethyl] methyl 
ether 
Ethyl methyl ke- 
tone 
Ethyl nitrate 
Ethyl-o-formate 
Ethyl oxalate 
Ethyl phthalate 
Ethyl] salicylate 
Ethyl succinate 
Ethylal 
Ethylene diamine 
Ethylene glycol 
Formamide 
Formanilide 
Fumaric acid 
Furfury! alcohol 
Glutaric acid 
Glycerin 
Glycin 
Guanidine 
Hydroquinone 


Groun 
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Table 46 (continued) 


Compound | Group | Compound Group 
p-Hydroxybenz- Methyl] isovalera- 
dehyde K,-H, te I, 

o-Hydroxybenzy] Methyl levulinate D-H, 

alcohol P,-K, Methyl malonate P,-Hy 
Indene H, Methyl-n-butyrate P,-H, 
Indole M Methyl nitrate P,-M 
Isoamyl] alcohol P,-H, Methyl-n-propyl 
Isoam ylamine P, carbinol Hy 
Isoamyl salicylate} K.-H, Methyl-n-propyl 
Isobutyl formate P, ketone P,-H, 
Isobutyramide P, Methyl-o-formate P,-H, 
Isobutyric aldehy- Methyl propionate 1 

de P, m-Nitroaniline O 
Isobutyronitrile P,-M o-Nitroaniline O-M 
Isobutyryl chlo- p-Nitroaniline O 

ride P, Nitroguanidine K,-M 
Isodurene (1,2,3,5- Nitromethane P,-Ko 

Tetramethy]l- p-Nitrosodiphe- 

benzene) H, nylamine K-M 
Isopropyl acetate P, Nitrourea K 2-M 
Isopropyl methyl Oxamide M 

ketone P, Paraldehyde P,-Hy 
Isovaleric aldehy- Phenol P-Ke 

de H, Phenoxyacetic ; 
Isovaleryl chlori- acid P,-Ky 

de P,-H, m-Phenylenedi- 
Lactic acid P, amine P,-P2 
Maleic acid P,-P, o-Phenylenedi- 
Malonic acid P, amine P,-P2 
Mandelic acid P, p-Phenylenedi- 
Mesitylene H, amine Po 
Mesityl oxide H, Phenyl hydrazine O 
N-Methyl __acet- Phlorogl ycinol Po-Ky 

anilide O-M Phthalic acid ‘4 
Methyl acetoace- Phthalic anhydri- 

tate 1 de iy 
Methylal P,-H, Phthalimide Ke 
N-Methyl benzyl- Picric acid Ky 

amine O Pimelic acid P,-K, 
Methyl carbonate P,-H, Pinacol P, 
Methyl chloroace- Piperidine P; 

tate P,-H, Polyoxymethy- 
Methyl citrate P,-H, lene P,-H, 
Methyl isobutyra- Propionamide P,-P. 


te 


300 


Table 46 (continued) 


Compound | | Compound 


Propionitrile P, 2 ,4,6-Tribromo- 
Propionyl chlori- phenol K, 
de P; 2 ,4,6-Trichloroani- 
n-Propyl acetate P,-H, line O-M 
n-Propyl formate P, 2,4,6-Trichloro- 
Propylene glycol P, phenol K, 
Protocatechuic Trimethylene gly- 
aldehyde P,-K. col P, 
Pyridine P, Trimethylene cya- 
Pyrocatechin P, nide P,-M 
Pyrrole M Tri-n-propylamine O 
Resorcinol Py a-Triphenyl  gu- 
Sebacic acid K, anidine O-M 
Succinimide P,-P. Urea P, 
Succinnitrile P,-P.-M || Vanillin Ky 
Sulphanilic acid Ky n-Valeric acid K, 
‘Triacetin (glycer- n-Valeric aldehyde Hy, 
in triacetate) P,-Il, Xylenes H.-I 
2 ,4,6-Tribromoani- 
line M 


23* 
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Table 47 


Substances Used for Drying 
A. Drying of Gases 


Amount of steam, 
mg, remaining in 
1 litre of gas upon 


halogen-derivative 
ones 
K etones 


Nitriles 
Nitro compounds 
Phenols 


Substance Charactel istics passing it at a rate 
of 1-5 l/h; 
t=30.5 °C 
CuSO, Anhydrous 2.8 
CaCl, Granulated; average com- 1.5 
position: CaCl, -H,O 
CaCl, Technically anhydrous; 1.25 
average composition: 
CaCl, -1/4H,O 
ZnCl, Stick 0.98 
Ba(C10,). Anhydrous 0.82 
NaOH Stick 0.80 
CaCl, Anhydrous 0.36 
Mg(Cl0,), -3H,O a 0 . 031 
KOH Stick 0.014 
Silica gel — 0.006 
CaSO, Anhydrous 0.005 
CaO — 0.003 
H,S0, 100% 0.003 
Mg(C10,)- Anhydrous 0.002 
Al,0, — 0.001 
BaO — 0.0007 
P.O; 0.00003 
B. Drying of Liquids 
Liquid Drier 
Acids Na,SO, 
Alcohols K,CO,, CuSO,, CaO, Na,SO, (but not 
CaCl,, CaC,) 
Aldehydes CaCl,, Mg(ClO,) 
Amines NaOH, KOH, K,CO, (but not CaCl,) 
Bases ie mcie on 
Carbon disulphid ¢ aCl,, Mg a)e 
Esters : Na,SO,, CaCl,, Mg(ClO,). 
Ethers ce Na, CaC,, K,CO;, Mg(ClO,), 
Hydrazines K,COs 
Hydtcarhons CaCl,, Na, CaC,, Mg(ClO,), 


CaCl,, Mg(ClO,). (but not Na) 


K,COs, CaCl,, Mg(ClO4)2 (for higher 
ketones) 


K,CO 
CaCl), Na,SO4, Mg(Cl0,), 

Na,SO, 

—_eke — eee 


Table 48 


Preparation of Hygrostats 
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Relative pressure of water vapour over mixtures of solid salts 
with their saturated aqueous solutions, over mixtures of anhydrous 
salts with their hydrates and over mixtures of two differing hydrates; 
water vapour pressure at a given temperature is taken as unity. 


Mixture 


Na.SO, -10H,O 
Na.CO, -10H,O 
KNO 


Na,CO, -+ Na,CO3-H,O .. - 
5, -- Na,B,0,-5H,0 


MAOH GO ee ke i ho 


Na,HPO,-2H,0 + Na,HPO,X 
x 7H,0 0 


Na,CO,-H,0 + Na,CO, -10H,0 
Na,HPO,-7H,O0 + Na,HPO,X 
X12H,0 .....-00- 


oOo & 


Temperature, °C 
10 | 15 | 


relative water vapour pressure 


20 | 25 | 30 


° 
Ce 
7a) 

m, essere, ee 
olumoacal wwl | | 
OONe-a me 
ra) 
on 
Ya 
ro | | | 

Oa 


on 

i) > 

Je) co 

me) Je) 
oooooo°o°eooc°ceo]o 


lol | | | ewamammemaene! | | 
OME OO AONE =I 
ooeeessse, Se 


© 
|| [Sol Ll ww mommenn | 
Ro BIO COs oE 
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0.0005 
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Table 49 


Principal Organic Reagents 


Abbreviations used: grav. for gravimetric analysis; vol. for volu- 
metric and similar analyses. In cases of gravimetric and volumetric 
one atom of a metal is given in parentheses in the sixth column. 


A. In the Alphabetical Order of the Reagents 


No. Reagent Synonymous naines 
t | Alberon Dichierosulphod 
aH CH; methyloxyfuch- 
| sone dicarboxylic 
oN A /s yr? acid; chromoxane 


} pure blue dye 
Hoo’ : Ne \/ \cOOH BED 


Cll 


YY 
\/\s03H 
2 | Alizarin 1 ,2-Dioxyanthra- 
O OH quinone 


3 Alizarin Red S aoe S; seats 
p alizarin sul 
a oH nate; 14, ee 
roxyant aquino- 
a a NA \7 H.O ne-3-sulphoni ¢ 


aN y, ’ / \A ) Ng O3Na acid, sodium salt 


364 


metric analysis; phot. for colorimetric, spectrophotometric, fluoro- 
determinations, the number of molecules of a reagent bounded with 


Molecular weight 


Elements being determined Method 
M log M 
539.35 | 73188 | Be2+, Al3+ Phot. 
240.22 | 38064 | Al3+, 2rl¥, ThIY, F- Phot. 


360.28 55664 | Alt, Zrl¥, ThIY, Ga3+, Phot. 
F-, TITY, Uoz+ 


No Reagent Synonymous names 
4 Aluminon Ammonium salt of 
aurine  tricarbo- 
ae Jorn pr ok xylic acid 
HaNooc’ \7\/ N/coonH, 
eo 
Eva \COONH, 
O 
5 Anthranilic acid o-Aminobenzoic 
COOH acid 
| 
yy 
XS 
6 Arsasene 


AsO3H2 
| 


@ \ NE-N_4 SN_NU_NEN_AG S_ 
Ne/ N=N <7 NH —-N=N ae NO2 


Arsenazo I 
AsO(OH) 2 


OH OH 
| wean )| 
4nN/ \4ANS/S 


/ 


7 Na0.8”% S“ \7 \go.Na 


Arsenazo ITI 


a Oy 

N yo on N 

Vee: 
WAN ANGA 
oe 


HO.” \/\7\s0.H 


* RE: rare-earth elements (lanthanolds, Y and Sc). 


4”, 4-Diazoamino- 


1 ,1’-azobenzene- 
4”-nitrobenzene 
arsonic acid-2” 


Benzene-2’-arsonic 


acid-(1'-azo-2)- 

1 ,8-dihydroxyna- 
phthalene-3,6-di- 
sulphonic acid, 
disodium salt; 
uranon 


Benzene-2’-arsonic 


acid-(1’-azo-2)- 
benzene-2”-arso- 
nic acid-(1”’-azo- 
7)-4 ,8-dihydroxy- 
naphthalene-3,6- 
disulphonic acid 
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Table 49 (continued) 


Molecular weight 
Elements being de 
M log M g determined Method 


473.45 | 67528 | Al§+, F-, Be?t Phot. 


oes Senn GO ne 


137. 2+ Co*t, Cu2t, He?+, Mn?*, Grav. 
37.14 13 716 es phe ante sin the 


form of MeRs) 


470.28 — Pp2+, Zn*t Phot. 


092.30 | 77254 | Al3+, Be*t, CelY, In3*, Nb’, Phot. 


RE*, TaY, THY, Ti’, 
voz+, VIY, art 


Sis cae IM ea Na a 


776.38 | 89008 | Ce'Y, HflY, Np'Y, Pa’, Phot. 
pul’, RE*, ThIY, U'Y, 
uo3*, ZrkY 
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No. Reagent Synonymous names 
9} Azo-azoxy BN sa Fabede Gate 
thalene-(1%-azo- 
gS 2’)-phenylazoxy]- 
= NN 4-methylphenol 
Oe ee 
= Lak 
\7 
10 foleaiskeaticie . (aesenecuimes|. 4,7-Dipheny]-1-10- 
HsCo fr yootls " phenanthroline 
ANG AN 
11; «-Benzoin oxime Cupron 
0 ¢ <- c-cH—¢ S 
= | | 
HO—N OH 
412| a-Benzyl dioxime a-Dipheny! dioxime, 
e= Gee aN nickelon 
Fy | = 
HON NOH 


O.Na thol-(8-azo-7’)-4’, 
NaOS. AWN ie : 8'-dioxy-3’, 6’- 
disulphonaphtha- 
lene, tetrasodium 
Balt 


\/\¢4 
N OH -4H,0 


| wc OH 


| | 
\ANZN 


143| Beryllon II 3 ,6-Disulphonaph- 
Na0;S” ~ On soon 
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Table 49 (continued) 


Molecular weight 


Elements being deterinined Method 
M log M : 


398.43 | 60035 Ca*t+ Phot. 


ee ee eee ee ee eee owen ee 
350.44 | 54461 Fe2t Phot. 


ie 
227.27 | 35654 Cu2+ (in the form of MeRe) Grav. 


to | 
240.27 | 38070 Ni2t (in the form of MeR.) | Grav. 


ee en |e eeee eee eee Sener reese wee ene eee 
810.58 90 882 Be2+ Phot. 
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No. Reagent Synonymous names 


14} Bis-salicylalethylenediamine — 
~ Jou HOV JN 


\/NCH = N—CH2—CH,—N=HC’ \% 


15| Brilliant green _ 


+ 
CoH«)oN N(C.H:=)o0SO,H- 
(CoH5) 0 ‘Ay an (GeH5) 250, 
\7 NZ \G 
| 
O) 
\7 
16} Bromobenzothiazo — 
ee HO, 
| Snen—-Z% 
\/7 87 as 
Br Ne 
17 Brucine Co3H2,0,Ne — 
18] Cadion py repieny | 
a SS hn an eR azoaminobenze- 
OLN a aN =a cS a 7 ne-p-azohbenzene 


19} Cadion S (water-soluble) —_ 
ene 


_4 S_N-N_-N-4% S_NEN_-4 —SOqNa 
a Oe 
H 
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Table 49 (continued) 


Molecular weight 


M log M Elements being determined Method 
268.32 | 42860 Myg2+ Phot. (lumines- 
cence) 
482.65 | 68363 | Sb”, T13+, Zn?+ Phot. 


372.25 | 57083 Cd2+ Phot. 


cM en 


| 2.48 | 59 603 | NO3 Phot. 
346.35 | 53952 | Cd2+ Qualitative 
(phot.) 


550.46 | 74073 Cd2+ Phot. 
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No. Reagent Synonymous names 
20| p-Carboxygallanilide 3, 4, 5-Trioxyben-' 
HO zoyl-para-amino- 
DN p-* benzoic acid 
—~ S—~C-—-N—% ‘S—COOH 
ce” ae ime 
HO” O H 
Carboxyarsena::o oe nylcarboxylic 
acid-(1-azo-2’) 
/S00H a acai 1',8°-dioxynapht- 
— alene-3’, 6’-di- 
a \-N=n—7N(/ \-N=Nn—¢ ‘| sulphonic’ acid- 
= = (7’-azo-17) 
NaQ3s” \“ \7\go,Na 2”-phenylarsonic 
acid, disodium 
salt 


22| Carminic acid 2s 


H3C O OH 
Lo — (CHOH), — 
PIS I ( eas 
HOS NE SO 
HOOC O OH 
93} Chromotropic acid, disodium salt 1, 8-Dioxynaphtha- 
HO OH lene-3, 6-disulph- 
| | onic acid, diso- 
OW fs dium salt 
Na0,s/ ““ \7 \go5Na 
24{ Complexone III set ar 
~ 2 ethylene- 
ars ae CHe-CH Rr ais meere diaminetetraace- 
fer 2 2 \ a 
NaOQOC-CH2 CH2-COOH tate, trilon B, 
versene, chela- 
ton 3) 


* RE: rare-earth elements (lanthanoids, Y and Sc). 


Molecular weight 


M log M 


289.25 | 46126 


740.30 | 86941 


492.40 | 69 232 


364.27 | 56142 


336.22 | 52663 
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Table 49 (continued) 


Elements being deterinined 


TITY 


Ba?+, SOj- 


Bil 


TLV, crV¥! 


Ca2+, Mg2t+, Ni2+, Cut, Agt, 
Au3+, Pd2+, Cott, VEY, Bi3+, 
Ga3+, In3+, Sn2+, RE*, Sc3t, 
Sr2t+, THY, ThlY, cr3+, zr , 
Mn?+, Ba2+, Zn2*, Cd2+, Pb?+, 
Hg?+, T18+, Fe2+, Al3+, Fe3+ 
(in the form of MeR) 

Cr3+, Co2t, Mn?+ 


Method 


Phot. 


Vol. 


Phot. 


Phot. 


Vol. 


Phot. 


rr _e — OOo 


24— 1845 
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No. Reagent Synonymous names 
29] Crystal violet — 
+ 
CH 13) Cl- 
N\A \F\F 
Cc . 9H,0 
| | 
a 
vy 
N(CH3)e 
26{ Cupferron N-Nitrosopheny]- 
= NO hydroxylamine, 
£-\N_nZ ammonium salt 
\_ FG NONH, 
27| Curcumin Bis-(4-hydroxy-3- 
OCH; methoxycinna- 
po moyl)-methane 
peo — CH =CH oa an OH 
CHo _ 
\ = /—_™N 
CO—CH =CH-<q Y- OH 
NocH; 
28| Cyclohexane diondioxime-1,2 Nioxime 


29| Diallyldithiocarbamidohydrazine — 
C3;H;NHCSNHNHCSNHC3H; 


off 


Table 49 (continued) 


Molecular weight 


Elements being determined M 
M log M g etlee 


570.44 75598 | SbY, Zn2+, TI3+, Cd2+, Hg2+ Phot. 


ne OO 


455.16 | 42078 | Al3+, Bi8+, Cu2+, Feet, Gast, Grav. 
NbY, SnIY, Ta, TitY, THEY, 
vy, ark¥, UIY (in the form 
of MeR,, where nr is the 
valency of metal; or the pre- 
cipitates are calcined to the 


oxides) 
i Ee eens ewes Sir ake 
368.39 | 56631 | BI, Be?+ Phot. 
ee (Ta PnTaE | PON mle eter ere rE oan oa 
442.16 | 15278 | Ni2t, Fe2+, Pd?+ Phot. 


| 230.36 | 36241 | Cut, Pb?+, Zn2+, Ni2*, Agt Grav. 


24* 


37¢2 


No. Reagent Synonymous names 


30] 3, 3’-Diaminobenzidine Tetraaminodiphe- 


31} Diantipyry] methane — 


| | | | 
H;C CH3 H;C CH; 


32] 2, oie #  espieesael acid 1, 8-Dioxy-2, 7-di- 
HO OH chloronaphthale- 
Cl ye 7 Cl ne-3, 6-disulpho- 
yy nic acid, diso- 
oN / -2H,O dium salt 


| _waogs7\YS7Nsopna | wv, \so.Na 


HN — C=0 
| | 
i C 
NSS — 
Ss CH —< > >— N(CHs)s, 
34] p- aca cag aa Dimethyl fluorone; 
fine Sa eat 
a es ON \p? (4”-dimethylami- 
@ 4 (/ y, nopheny])-3-fluo- 
HO” Voy NoH rone 
( 5 
A 
| UF aie 


33] p-Dimethylaminobenzylidene rhodanine — pve 


Pf Nee 
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Table 49 (continued) 


Molecular weight 
Elements being determined Method 


M log M 


214.28 | 33098 | Sel¥ Phot. 


ee ee CRG |e ae ae oe eee ew ree ee) SE ere aE 
388.48 | 58937 | Cd2t, TY, Fe%+, Bi3t+, Co? Grav. 


Me a eee 
469.18 | 67434 | TiTY Phot. 


me 


264.38 | 42223 | Agt, Aut, Hg?+, Pd?+, Cut Phot. 
Agt, Pt!Y, CN- Vol. 


363.37 | 56035 | TaY Phot. 


No. Reagent Synonymous names 


35| Dimethylglyoxime cee dioxime, 
Chugaev’s rea- 
CH3;—C—C—CH 
a sa 
HO—N N-—OH 
36| Diphenylcarbazide 1, 5-Diphenylcarbo- 
HN—NH—C—NH—NH hydrazide 
| | | 
Hy 8 Oo 
\7 


38! Dipicrylamine Hexanitrodipheny- 
aii 
» NOs ON, amine 
ON —< > NH—€ > NO» 
NNO, O.N7 
39] 2, 2’-Dipyridyl a, a&’-Dipyridyl 
Lx SS 
ll Lil | 
NS NG 
N N 
40] 2, 2'-Diquinoly] 2, 2’-Diquinoline; 
on ~ | ~ ‘\ cuproin 
\V ee NEW 


BYE) 


Table 49 (c ontinued) 


Molecular weight 


Elements being determined Method 
M log M 


416.12 | 06491 | Ni@+, Pd?+ (in the form of Grav., vol., 


MeR>) phot. 
Ie2+, Co2+, Cu2+ (together with | Phot. 
pyridine) 


a 


242.29 | 98433 | CrY!, Hg?+, Pb?* (indirect), Phot. 
(Cd?*) 


See AM caso Ml re 
240.27 | 38070 | Hg?+, Agt Phot. 


a es Oe Se oe 


439.23 | 64269 | K+, Rbt, Cs+ (in the form of | Grav., phot. 
MeR) 


Se ee ee Nee a 
156.19 | 19365 re?! Phot. 


ase NN 


256.30 | 40875 | Cut, (Ti+) Phot. 
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Synonymous names 


No. Reagent 


414| 8, 8’-Diquinolyldisulphide — 
( ‘ ( s V4 OL 5 
wan 


a—~ 


a 
42] Dithiol 1-Methy1-3,4-di- 
CH; mercaptobenzene 
| 
@ 
Y \sH 
SH 
43| Dithizone Diphenylthiocar- 
N=N—C--NH—NH bazone 
| l | 
¢ a ) 
| NY, \ 
44} Eriochrome Cyanine R See Table 28, No. 23 (p. 232) 
45] a-Furfury] dioxime Neoniclon 
HC—CH HC— CH 
ll ll || -H,gO 
AC C = oa 
SZ ll Bw 
O HO—N N—OH O 
16 Gallion 2-Hydroxy-3-chlo- 
Cl OH ro-0-nitrobenze- 
\_ 7 OH NH, ne-(1-azo-2’)-4'- 
ON nen | | hydroxy-8’-naph- 
Ne, WAN AN thylamine-3’, 
NO.” -H,O 6’-disul phonic 
HOS” \/N4\ 03H acid 
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Table 49 (continued) 


Molecular weight 


Elements being determined Method 
M log M 
320.44 90575 | Cut Phot. 
156.27 | 19388 | Sn?+, WY!, Mo™! Phot. 


re ee es a 


2 +, BiSt, Cd?t, Co?*, Cu*t, Phot. 
ees rad a, Pb2t+, Zn**, Ni?+, 
In3+, Ti+, Sn?* 


ee ee em 
| 70 67 252 | Al Bett, Zri¥, F- Phot. 


ae ee a a 


238.21 | 37696 | Ni2t, Pd2+ (in the form of Grav., phot. 
MeR.), Pt!Y, Rev™ 


536.88 | 72989 | GaSt Phot. 
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No. Reagent Synonymous names 


47| Gallocyanine = 


COOH 
N | . 
‘ane ye 
(CHa) aN“ S74“ NS 
OH 
48) Hemp-like datisca (extract) Substitute for mo- 
on rin. Parent sub- 
Stance: 3, _ 7, 
2'-tetraoxyllavo- 
“OOS oy EOP BOKY 0) 
49| 8-Hydroxyquinoline o-Hydroxyquinoli- 
pV ne, oxine 
I 
“ I\G 
| 
OH 
00} Lumogallion 2, af eae 
chloro-(1-azo-1')- 
HO. / On I benzene-3-sul- 
2 \_nNn=n—4 SN—OH phonic acid 
eZ Ns 
cl” 


* Thorium and uranium precipitate in the form of ThR4g-HR and 
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Table 49 (continued) 


Molecular weight 


M log M Elements being determined Metbod 
300.27 | 47751 | Ga3+, Hg?+, Pb? Vol. (comple- 
xonometry) 
286.25 | 45675 | Al3+, Ga3t, ZrtY, ThiY Phot. (lumi- 
nescence) 


145.16 | 16485 | Al3+, Mg2+, Zn2+, Bi8+, Cd2+, | Grav., vol., 
Co2+, Cu2+, Gast, Int, phot. 
TiO2+, Zr4t, MoO3t, WO3*, 
Mn?+, Fe3+, Ni2+, V2O$t, 
Pb2+, Pd2t+, Sb8+, Cr3+ (in 
the form of MeR,, where n 
is the valency of metal)* 


344.74 | 53749 | Gait Phot. (lumi- 
nescence) 


UO2R2-HR; niobium precipitate is of an unknown composition. 
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rae 


No. Reagent Synonymous names 
51] Lumomagneson 2-Hydroxy-3-sul- 
pho-5-chloroben- 
NaOss. you BONG -_ yee zene-1-azobarbi- 
&@ \_N=N— eA \ C=O turic acid 
cy isn 
Ei? 0% Nu 
o2| Magneson CS 2-Naphthol-(1-azo- 
2')-4’-chlorophe- 
f OH eX, Joo nol-6’-sodium 
ON _nan—4 \ -H.O sulphonate 
og nen 
Y Cl 
D3 en seee eT Captax 
iN/ aN 
Cie | Bs 
54} Mercaptophenylthiothiodiazolone 5-Mercapto-3-phe- 
Ne nyl-2-thio-1, 3, 
4 ia N—N 4- thiodiazolone; 
= | t bismutho! II 
wa NS 
o9| 8- — ae sodium salt Thiooxine, thio- 
xine 
OC || | - 3H20 
ye \/ 
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Table 49 (continued) 


Molecular weight 


Elements being determined Method 
M log M 
384.69 58541 | Mg?t Phot. (lumi- 
nescence) 


er nnn we 


448.79 | 62201 | Mg+, Zn?+ Phot. 


167.26 | 22344 | Agt, Au’+, BiSt+, Cd?+, Cut, | Grav. 
Pb?t, TS8+ 


i nN a a ee 


226.35 | 35478 | Bis+ Phot. 


937.25 | 37524 | Pd2+, Cu2t+, MoY!, ReY!! In3+, | Phot. 
Mn?t, viv. Cot, Rut, Os3+, 
Tl+ 
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Reagent Synonymous names 


56; Methyl violet = 


+ 
oe Jw _ JN (CiaaGh 
SOENE 


NHCH. 
(predominantly) 


o7} Morin 3, 5, 7, 2’, 4’-Pen- 
taoxyflavone 
HO 0 oN. OH 
\ Ww sae 
OG 
bY 


08| Murexide, See Table 28, No. 33, p. 238 


59} B-Naphthoquinoline Naphthin, 5, 6-ben- 
J zoquinoline 
ll | 
OC 
aA 
4 N 
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Table 49 (continued) 


Molecular weight 


Ele eing r ed M d 
M log M Iements being determin etho 


= — | SbY, zn2+, Cd2+, Ti3+, Hg?+, | Phot. 
ReV! TaY 


eS 


298.26 | 47459 | Al8+, Ca3t, Zr!¥, ThlY, In3+ | Phot. (lumi- 
nescence) 


a 


302.21 | 48034 | Ca2+, Sr2t Phot. 


179.22 | 25339 | Cd2+ (the precipitate is calci- | Grav. 
ned to the oxide) 
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No. Reagent Synonymous names 
60} Nitrochromoazo Bis-[2, Fie: 
2-Sulpho-1-azo- 
= Ne ue) A : 
ioxynaphthale- 
© a ne-3, 6,-disul- 
phonic aci 
80s HOS” \” 
N N 
I ll 
N N 
N HO [OH / 
~ oh oh 
OOK 
HOS” S“ \7 \s0,H 
61] Nitron 1, 4-Dipheny1-(3, 5- 
CsH; —N —N endoany1)- dihy- 
dro-1, 2, 4-tria- 
ae zole 
N 
SN 
H < C 
N 
| 
CgHs 
62/ a-Nitroso-B-naphthol Ilyinsky 's reagent; 
: NO 1-nitroso-2-naph- 
. | OH thol 
oSENE 
VS NG 
63] -Nitroso-a-naphthol 2-Nitroso-1-naph- 
on thol 
(~ / K /NO 


AV 
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Table 49 (continued) 
Molecular weight 


Elements being determined Method 
M log M . 


778.65 | 89134 | Ba?+, SO3- Vol. 


312.38 | 49468 | ReOjz, NO;, CLOZ, ClO; (in the | Grav. 
form of RAn, where An is 
an anion) 


173.17 | 23848 | Co%+, Fest, Pd2+, Cu2+ (in the] Grav., phot. 
form of MeR,, where n is 
the valency of metal; other- 
wise the precipitates are 
calcined to the oxides) 


173.17 | 23848 | Co®+ Phot. 


25— 1845 
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No. Reagent Synonymous names 


64] Nitroso-R-salt 1-Nitroso-2-naph- 


NO thol-3, 6-disul- 
| soon phonic acid, diso- 
an me dium salt 
Nad,” S“ SZ \soaNa 


65] 4, 40-Phenanthroline = 


ee do eee 
¢ \_? - m0 
66; Phenazo 3, 3’-Dinitro-4, 4’- 
O2N p N02 bis-(4”-hy droxy- 
benzeneazo)-bi- 


HO-/ S—NeENA4 NS NS LN ENLZ ENE 
0-4 PONEN-a_G NNR -OH] phenyl 


67] Phenylarsonic acid 
&@ ~\_ 
>, AsO(OH). 


68) Phenylfluorone 9-Pheny]-2, 3, 7-tri- 
C,H; oxyfluorone-6 


| 
HO. AN IN /\ / 8 
07 7NYS7™on 


1-( p-Nitropheny])- 
3-methy1-4-nit- 
ropyrazolone-5 


69] Picrolonic acid 
CO—-CH-—-NO» 


=\ 
NF — \n==C—CH; 


70| 2, 2’-Potassium bicinchonine 


KOOC COOK 
| | 
C C 
O60 
7 BA NOS 
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Table 49 (continued) 


Molecular weight 


a ae ae Elements being determined Method 
M log M : 


377.27 57665 | Co2+, Kt (indirect) Phot. 


498.23 | 29717 | Fe+ Phot. 


484.30 | 68544 | Mg?+ Phot. 


a OO 


902.03 | 30542 | NbY, Ta’, Zr'”, Bit, Hf!Y, | Grav. 
SnlV, ThlY set are 
calcined to the oxides) 


320.34 | 50557 | GelV, sn!¥, TaY, ZrtY, sbi? Phot. 


i Oe OOS en nn te 


264.24 | 42495 | Pb®t, Ca%t, Sr2t, Mg2+, Th'Y | Grav. 
(in the form of MeR,, where 
n is the valency of metal) 
Ca?t Phot. 


420.52 | 62379 | Cut Phot. 


20* 
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No. Reagent Synonymous names 
74| Purpurin 1, 2, 4-Trioxyanth- 
O OH raquinone 
ll | 
SOCK 
\7 a Vv 
O OH 
72] Pyrogallol 1, 2, 3-Trioxyben- 
OH zene 
| 
HO. os you 
V/ 
73] Quinaldic acid a-Quinoline carbo- 
IOAN xylic acid 
ll J -2H20 
MW Ne \cooH 
74] Quinalizarin 1, 2, 5, 8-Tetrao- 
HO O OH xyanthraquinone 
| || 
YS 
ba ans 
HO O 
75| Rhodamine B Pee S: tet- 
O raethyldiamino- 
(CoH 5)oN. N(C2H,)2CI- o-carboxypheny!l- 
O 5 a eZ xanthenyl chlo- 
\ Vj ride 
C 


COOH 
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Table 49 (continued) 


Molecular weight 


Elements being determined Method 
M log M 


256.22 | 40864 | Zr'Y, F- Phot. 


nn es EE ——————— 


126.44 10075 | Bi3t, Sb3+ (in the form of Grav. 
MeR) 
Bul TaY, NbY Phot. 


a CO ee 


2+ Pp?t, Agt, Mn?+, Ni?+, | Grav. 
teen see tte ree Cd, Zn?*, UO#, 

FeOH2+, ALOH?+, CrOH?t 

(in the form of MeR,, where 

n is the valency of metal) 


ey ee a ene ene ee ee see mere! PURO Ewes! 
972.92 | 43492 | Bett, BM, Mg2+, AlS+, GaS+ | Phot. 


mm 


479.03 | 68037 | Sb” Zn°%t, Gat, TI15*, wt, Phot. (lumi- 
Cd2+ nescence) 
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Jo ee a 


Reagent 


Synonymous names 


ee 


per 


ou. | | 


79 


84 


il 
tn | 
sz. | 


Rhodamine 6G 
Hs OaHIN AN \A\A 
\/ “E VA Se 
T 
“~ /800GrHs 


V/ 


Rubeanic acid 


Salicylaldoxime 


\ / OH 


|| 
\/NcH =N—OH 


Salicylal-o-aminophenol 
Jou HO. 


¢ S- aN 
xp ~CHSN=< > 


Salicylic acid 


Sodium _aneenenen 


(C.Hs) eer a 
mee!" “Nga. 3H20 


NHC 9H-Cl- 


Ethyl ether of di- 
thylamino-o- 
carboxy pheny]l- 
xantheny! chlo- 

ride 


Dithioxamide 


denaniline 


o-Hydroxybenzoic 
acid 


> | ree As = 
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Table 49 (continued) 


Molecular weight 


Elements being determined Method 
M log M 
450.97 | 65415 | Re’!!, In3+, TI+ Phot. (lumi- 
nescence) 


120.20 | 07990 | Cut, Co2t, Rul’, Pd?+, Agt | Phot. 


a 


137.14 | 13716 | Cut, Bist, Pb?+, Pd? (in the | Grav. 


f MeR 
a : a! Phot. 


; Phot. (lumi- 
213.24 | 32887 | Alet nescence) 


Mn?*t Phot. 


138.13 | 14029 | Fe3+, Cut Phot. 


995.34 | 35284 | Cutt, UOZ+, Niz+ Phot. 
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No. Reagent 


82| Sodium sulphosalicylate 
HOOC. ‘ 


HO —~ S- SO,Na-2H,0 


Synonymous names 


83] Sodium tetraphenylborate 
AN Ne 
NEF 7 NST N 


B 
&@\S/ \#AS 
= One aan Ooo 


a 


Kalignost 


84] Stilbazo 
HO /s0aNHe 


HO—4Y \_nNe-n_4% NK 
a7 ey 
60 \_ newt 
HO-¢_S—N=N ¢_S- cH 
HO’ \sosNH, 
85] Stilbexone 
SO3Na 
HOOCH,C. f 
—~ ~\S— cH 
ee. =/ | 
HOOCH,C. S- 
HOOCH, eer N=C 
SO3Na 


Eee 


86] Sulpharsasene 


Plumbone; 4”-nit- 


Stilben-2-2'-disul- 


phonic acid-4, 4’- 
bis-(azo-1”)-37- 

4”-dioxybenzene, 
diammonium salt 


4, 4'-Diaminostil- 


ben-(N, N, N’, N’- 
tetracarboxyme- 
thy])-2-2’-disul- 
phonic acid, diso- 
dium salt 


robenzene-(1”, 
4)-diazoamino- 
(1-azo-1’ )-benze- 
ne-2”-arsono-4’- 
sodium sulpho- 
nate 
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Table 49 (continued) 


Molecular weight 


Elements being determined Method 
M log M 


294.22 | 40521 | Fes+, Fe Phot. 


ne eM as i ee 
- 342.24 | 53433 | K+, Rbt, Cst, Tl+, NHZ Grav., vol., 


646.66 | 81068 | Als+ Phot. 


Phot. (lumi- 


3 
646.51 | 841058 | Fe? nescence) 


Se eer en Ne a a 
572.32 | 75764 | Pb?+, Zn?+, Cd3+ Phot., vol. 
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CH3;—C— NHe 
: 


No. Reagent Synonymous names 
87| Sulphonazo ‘e7| sulphonsso | Sulphon-bis cya -[4-hyd- 
roxyp eny|- (3- 
HOS. AA /\ [Ott az0-2')}-4’-hy dro- 
ak -aminona- 
JA N/A\4 phthalene-3’, 6’- 
N=N disulphonic ‘acid 
<_>- op OHNH2 
ie -2H,O 
ae OH NH, 
KZ OH | 
\wen-/Y/S 
aa ee ee H 
88| Tannin 
C7gH520x6 
89] Thioacetamide : 


90} Thioglycolic acid HSCH,COOH — 


91; Thionalide 6-Aminonaphtha- 


lide of thiogly- 
ON(S? / NH — CO — CH, —SH colic acid 
VW 


92/ Thiourea Thiocarbamide 
H,.N—C—NHg 
I 
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Table 49 (continued) 


Molecular weight 
M log M 


Elements being determined Method 


976.93 | 98986 | Sc38t, VY Phot. 


Se a 8 ee ee SF 


~1700 — Be2t+, Alt, Gast, Gel’, Mo¥!, Grav. 
NbY, Sn!V, Ta’, Ti’, UO#*, 
wt ari, Th!Y (precipita- 
tas are calcined to the oxides) 


rei I (eccrine oe nese EES 


75.43 ‘3+, As3t+, Sb3+, Cd2+, Pb*t, Grav. 
87 584 ais Her, Mo02*, Cut, Ph2+ sisi 
ot. 


Cu2t 


a i i a ne 


92.420 | 96435 | Fe2t, WY2, Sn? (a reagent is | Phot. 
added when tin is being de- 

termined by dithiol) 

aan a ne ee ee ee SS 


217.299 | 33704 | TI+, Asi, Spit, Sn2+, Agt, Grav. 
Au Gu2t+, Hg?t+, Pd*+, Bis, 
Rh! Ry, Mn?+, Ph*, Ni**, 
Co2+ (in the form of MeR,, 
where n is the valency of 


eesill. 3 metal) 
76.125 | 88453 | Bi3+, OsY7, RulY, Rew", TelY| Phot. 
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— S03H 


No. Reagent Synonymous names 
93 horon Benzene-2’-arsonic 
AsO(OH)(ONa) HOV po0sNa acid-(41’-azo-1)-2- 
rs Dae hydroxynaphtha- 
Gi y, N=N —< 7 sane peta 
— = phonic acid, tri- 
< » sodium salt; tho- 
— rin, naphthar- 
\SO3Na son, APANS 
94} Titanium yellow oie oa eee hm 
O enzothiazol-(1, 
Hsc—_>—N ye ms Setar 
_ oe benzene-(2, 2’)-So- 
\s—C -~ S- Gy dium ee 
a te; mimosa; thi- 
-—-<_S= NH azo yellow 
I = 
H—-7 S—N  S0;Na 
95} o-Tolidine Ed 
_4 SNA SN 
H.C” \CH3 
96} 8-Tosylaminoquinoline 8-(p-Toluene  sul- 
Pros a ae a 
a ine 
Y/N Z 
\7S N 
NH 
— | 
\S 
HC << >— 80- 
97; Zirconon 2-Hydroxy-5-me- 
OH thylazobenzene- 
on 4'-sulphonic acid 


4 ~\_n—n_Za 
CO a a) a 


VA 
CH3 


* RE: rare-earth elements (lanthanoids, Y and Sc). 
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Table 49 (continued) 


a Molecular weight 


Elements being determined Method 
M log M . ee 


598.29 | 77691 | ThIY, F-, UV, zn2+, ZrtY, | Phot. 
Ta”, Nb’, RE*, Bis*, Lit, 
Batt 


ga ec ce Mk a 
695.75 | 84245 | Mg?+ Phot. 


es es a 


212.30 | 32695 | Os0,, RuO,, Ag, V", halo- | Phot. 
gens 


to | 


Phot. (lumi- 
298.35 | 47473 | Zn®t, Cd?+ nescence) 


a a 


292.32 | 46586 | Zr'Y (the al is calci- | Grav. 
ned to the oxide 
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Table 49 (continued) 
B. In the Alphabetical Order of the Elements Being Determined 


Element being 


determined (No. secsraine 10 Table A) Method 
Aluminium 26, 49, 73, 88 Grav. 
24, 49 Vol. 
1,2,3,4, 7, 44, 48, 49, 57, 74, | Phot. 
, 84 
Ammonium 83 Grav., vol. 
Phot. 
Antimony 49, 72, 89, 91 Grav. 
49 Vol. 
15, 25, 49, 56, 75 Phot. 
Arsenic 89, 91 Grav. 
Barium 21, 24, 60 Vol. 
Beryllium 88 Gray. 
: 1, 4, 7, 138, 27, 44, 74, 93 Phot. 
Bismuth 26, 31, 49, 53, 67, 72, 78, 89,91 | Grav. 
24. 49 Vol. 
43. 49, 54, 92, 93 Phot. 
Boron 22, 27, 72, 74 Phot. 
Cadmium 5, 31, 49, 53, 59, 73, 89 Grav. 
24, 49, 86 Vol. 
16, 48, 19, 25, 36, 43, 49, 56 | Phot. 
75, 86, 96 
Calcium 69 Grav 
24 Vol. 
9, 58, 69 Phot. 
Cesium 38, 83 Grav., phot 
83 Vol. 
Cerium 7, 8 Phot 
Chlorates and | 64 Grav 
perchlorates 
Chromium (III) | 49, 73 Grav 
24, 49 Vol., phot 
Chromium (VI) | 23, 36 Phot 
Cobalt 5, 31, 49, 62, 73, 91 Grav 
24, 49 Vol. 
24, 35, 43, 49, 55, 62, 63, 64, 77 | Phot 
Copper 5, 14, 24, 26, 29, 49, 53, 73, Grav 
"78, 89, 91 
24, 49 Vol. 
33, 35, 40, 44, 43, 49, 55, 62 | Phot 
70, 77, 80, 81, 89 
Cyanides 33° Vol. 
Fluorine 2, 3, 4, 44, 71, 93 Phot 
Gallium 26, 49, 88 Grav 


24, 49 
3, 46, 48, 49, 50, 57, 74, 75 


Element being 
determined 


Germanium 
Gold 


Hafnium 


Indium 
Iron (11) 
Iron (ITT) 
Lead 


Lithium 
Magnesium 


Manganese 
Mercury 
Molybdenum 


Neptunium 
Nickel 


Niobium 
Nitrates 
Osmium 
Palladium 


Platinum 
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Table 49 (continued) 


Method 


Reagent 
(No. according to Table A) 


Phot. 


24, 49 
43, 49, 55, 76 
73 


24 
10, 28, 35, 39, oe 82, 90 


26, 31, 49, 62, 

24, 49 

49, 62, 78, 80, 82, 85 

D, 29, 49, 53, 69, 73, 77, 78, 89 
24, 47, 49, 86, 91 

6, ‘36, 43, ‘49, ‘86, 89 


49, 69 

24, 49 

14, 49, 51, 52, 66, 74, 94 
5, 49, 73, 91 


24, 49 

24, 49, 55, 79 

5, 89, 94 

24, 417 

25, 33, 36, 37, 43, 96 
49, 88, 89 

9 


4 
42, 49, 59 


8 

5, 12, 29, 35, 45, 49, 73, 91 
24, 35, 49 

35, 43, 45, 49, 84 

26, 67, 88 

7, 72, '93 

61 — 

17 

59, 92, 99 

35, 45, 49, 78, 91 

24, 35, 49 

28, 33, 35, 45, 49, 55, 62, 77 
45 

33, 45 
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Table 49 (continued) 


erica? (No. acéordine _ Table A) Method 
Plutonium 8 Phot. 
Potassium 38, 83 Grav. 
83 Vol. 
38, 64, 83 Phot. 
Protactinium 8 Phot. 
RE* 24 Vol. 
7, 8, 93 Phot. 
Rhenium 61 Grav. 
oo, 56, 76, . 
Rhodium 91 pave que 
Rubidium 38, 83 Grav. 
83 Vol. 
Ruthenium 94 Grav 
oo, 91, 95 Phot 
Scandium 24 Vol. 
8, 87 Phot. 
Selenium 30 Phot. 
Silver 29, 53, 73, 94 Grav. 
24, 33 Vol. 
33, 37, 43, 77 Phot. 
Strontium 69 Grav 
oe uel 
Phot. 
Sulphates 21, 60 Vol. 
Tantalum 26, 67, 88 Grav. 
7, 34, 56, 68, 72, 93 Phot. 
Thallium 03, 83, 94 Grav. 
24, 83 Vol. 
19, 25, 40, 43, 55, 56, 75, 76, 83 | Phot. 
Thorium 26, 67, 69, 88 Grav. 
24 Vol. 
2, 3, 7, 8, 48, 57, 93 Phot. 
Tin 67, 88, 89, 94 Grav. 
24 Vol. 
42, 43, 68, 90 Phot. 
Titanium 26, 31, 49, 88 Grav. 
24, 49 Vol. 
3, 7, 20, 23, 32, 40, 49 Phot. 
Tungsten 9, 88 Grav.,. vol 
42, 49, 75, 90 Phot. 
Uranium 26, 73, 88 Grav. 
3, 7, 8, 81, 93 Phot. 
Vanadium 26, 49 Grav. 


* RE: rare-earth elements (lanthanoids, Y and Sc). 


Element being 
determined 


Vanadium 


Wolfram 
Zinc 


Zirconium 
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Table 49 (continued) 


Reagent 
(No. according to Table A) Method 


24, 49 Vol. 
7, 49, 59, 87, 95 Phot. 
see Tungsten 
5, 29, 49, 73 
24, 49, 86 
6, 15, 25, 43, 49, 56, 75, 86, 

93, 9 


3, 96 
26, 49, 67, 88, 97 
24, 49 
2,3, 7, 8, 44, 48, 49, 57, 68, 93 
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Table 50 


USSR Standard Sieves 


Number of ope- 
nings per inch 


Number of onpe- Width of ope- Diameter of 


nings per cm (mesh number) ning, mm wire, mm 
425 325 ().044 0.036 
106 270 0.053 0.041 

93 230 0.062 0.046 
79 200 0.074 0.053 
66 470 0.088 0.063 
06 440 0.105 0.074 
47 420 0.125 0.086 
40 100 0.149 0.102 
34 80 0.477 0.119 
29 70 0.24 0.140 
24 60 0.25 0.162 
20 50 0.30 0.188 
18 45 0.35 0.22 
19 40 0.42 0.25 
13 35 0.50 0.29 
14 30 0.59 0.33 
9 25 0.71 0.37 
8 20 0.84 0.42 
7 18 1.00 0.48 
6 16 1.49 ().54 
5 14 1.41 0.61 
4 12 1.68 0.69 
3.5 10 2.00 0.76 
3 8 2.38 0.84 
2.7 7 2.83 (),92 
2.3 6 3.36 4.02 
2 5 4.00 4.12 
1.7 4 4.76 4.27 
1.4 3.5 5.66 1.45 
1.2 3 6.72 1.65 
4 2.5 &.00 1.85 
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Table 51 


Half-Wave Potentials in Polarographic Analysis 
with a Dropping Mercury Electrode 


: Half-wav 
determined” | °°™?*Cckgroundy "| htm? | aptentla 
APTI 0.5.V BaCl, (the evolution 

of Hg, is possible) . . . 30 (?)} —1.7 
AsIII 1M H,SO,+ 0.01% gela- 
Ns eal, <a, Ga oy aoa 3+ 0 —0.7 
Bilt 0.5N NaOH + 0.025% ge- 
Jat ce: be, eee a 3-0 —0.26 
1N H,SO 0.01% gela- 
a eh esto 0.04 
0.5M KNaC,H,0, + 0.01% 
elatin 
: Dil 40 sok a ewe 3-0 —0.29 
DO 4 we pc ee a) 3-0 —0.70 
0.5M NaKC,H,O, + 
+ 0.01N NaOH + 0.01% 
gelatin .......-. 30 —1.00 
BrY Buffer solution, pH 1.0 5—+(—1)/ —0.43 
Cal! and | Tetramethyl ammonium ; 
other al- salt solutions .... . 2-0 —2.2 
kaline- 
earth 
metals 
call O4N HCL ....... 2>0 —0.60 
GA TT GM 5: ok. Ske se ath ee 2-0 —0.79 
1N NH,Cl+1N NH,OH | 2-0 —0.81 
CelV 0.1M ethylenediamine 4—+3 —0.71 
Coll 0.25M KCl....... 2->0 = 
1MKSCN .......- 2—> 0 —1.03 
0.14M ethylenediamine 2-3 —0.456 
Cri 07M HCL ....... 2+ 3 —0.58 
3—>2 —0.81 
om OAN KCPe eoae ae 50 450 
crv! {MKOH........ 6+3 —41.03 
Cu! 1M NH,OH+ 1M NH,C] |f 1-2 —0.25 


26* 


404 


Table 31 (continued) 


Element being | Composition of the solution Valency Potent 
determined (background) change 


Fijy, V 


Cull 0.5M H,SO, + 0.01% ge- 


latin 


ah Be eee —0.00 
0.5@ Na,C,;H,0,, pH 12 —0.38 
1M Na,C,0, ...... —0.24 
{1M Na,C,0, ...... —0.24 
1M HCIO,, pH 0-2 —1,37 
0.5@ (NH,).C,H, 05 + 
+ 1M NH,OH + 0.005% 0.98 
gelatin ....... 453 
Salicylic acid, pH 2.8-3.2 —Q.85 
iN NH,OH is iN NH,Cl —1.58 
ee At wdc we S —0.42 
ay tig fests te" ait —0.10 
ie tele a eit © —1.45 
0.2M ‘EDTA, pH 6.8 . . —1.3 
O.447 KCl ....... —1.58 
O.1M LiSO, ..... —0.88 
0O.1M@ NaOH ...... —0.17 
0.05@ KCl ...... —1.28 
Int HCIO,, H,SO,, HNO, . . 1.0 
GN HC): 4 & & ae ow —0.68 
K! and 0.14 tetramethyl ammo- 
other al- Um 6 ww ee --2..13 
kaline 
metals 
Mall 
NAGCI 38 a. ee oh 8 —1.54 
2M NaOH + 04 
+ 5% KNaC,H,0, 4.7 
—0.14 
SM HCO ccd a Fw _0'79 
—Q.29 
O1MHCL .. 1.2... { ae a 
, 3-2 —0.45 
/ Budier solution, pHO . .. H 2—>~f |} —90.70 
fs (—1); —f 00 


Element being 


determined 


NY 
NbY 


Nil 


TaY 


Composition of the solution 
(background) 


0.44 LiCl 
0.14f LaCl,; 0.44% CeCl, 
0.14M H,C,0,, pH 41.2-9.95 
0.064f HNQ; 
HCIO,, pH 0-2, 1N KCl 
1M NH,OH-+ 0.2M NH,Cl 

+ 0.005% gelatin. . - 


Buffer solution, pH 1-10 


Ca(OH). saturated 


iM KCl 
0.974 NaOH . 
4M NH,OH + 1M NH,CI+ 
+ 0.001% methyl red 
2M NaOH or KOH ... 
0.5@ KSCN + 0.00M 
ethylene diamine... . 
2M KCl 
2M HCl 


2M HCl 


2M HCl 


latin . 


4M HCl ... ss ee 
4M NaOH + 0.01% gela- 
C10! ve. 2k a OR ee es Oe 


1M HCl + 4M NH,Cl + 
+ 0.005% gelatin 


NaF 
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Table 51 (continued) 


Valency 
change 


© bh Bb gwlon cto 
++4 4H 
~-= wee? ee” 

Mies 


egoare 
ute 


oo wr 


bo bo 


+} 


O° 


Half-wave 
potential 


E1/y. V 


—2.4 
—1.2 
—1.5 
—0.84 
—1,.1 


—1.06 
—0.05 
—0.04 


—1.44 
—1.16 


—0.431 
—0.765 


—0.72 
—1.44 


—0.51 


—1.43 
—0.45 


—0.93 


—0.22 
—0.45 
—1.15 


—0,.24 


—1.50 
—0.46 
—0.1 


—0.73 
—1.22 


—Q.25 
—0.52 
—1.2 


—1.16 
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Table 51 (continued) 


Half-wave 
lemeny Deine aca dts een eee Ry 
TelY 0.1M NaOH + 0.003% ge- 
VAGUE ote. de 3s oe mea he 4—+>(—2)}) —1.22 
0.441 (NH,4).C,H,O, + 
+ 0.003% gelatin, 
PE OO: ge as, Se a as cel 4-» (0)? —0.76 
Te’! 0.1¢ NaOH + 0.03% ge- 
TAGIM). «Mie he ee ee G + (—2) —1.66 
0.444 NH,Cl + NH,OH -+ 
+ 0.0005% gelatin 
12) 9 ls ee 6—+ (—2)} —1.17 
NO2 bad od 6+ (—2)] —1.34 
pjUl 04M HCL ..... 334 —0.14 
TilV O4M HCL ......, 4+ 3 —0.81 
ee H.C,H,0O, 4 —> 3 —0.38 
.4M Na,C,H,0, + 
+ 0.005% gelatin, 
‘ pHii.8 2... 0... 4—+3 —1.65 
Ti 1M KCl ....,.... 1—0 —0,482 
02M NaOH ...... 1-0 —0.49 
U!V 0.4M@ NaclO,...... 4+3 —0.92 
UY 0.1V KCl -++ HCl, pH 3 5+ 6 —0.18 
VI 6—>5 —0.20 
U 0O.5ON HCl. ....... { 5+ 3 _0.92 
vil O4M KCl... 1... 2+3 —0.50 
2—>3 —0.55 
Na,B,0, saturated, pH 5.1 3—>4 —0.03 
4+5 +0.13 
yill 0.14 CO3- + CO, satura- 
ted, pH6.7 ...., 3—>5 —0.06 
viv 0.1M@ H.SO,; + 0.005% 
gelatin ......., 42 —0.85 
1M NaOH + 0.08M 
y Na,SO,;+1M KCl . , 4—5 —0.39 
V 1M NH,OH + 1M NH,CI+ 
r : 5—>4 —0.97 
7 + 0.005% gelatin. . . { 4—+9 4 96 
W 6 — 5 43 
WOM HG spon 3:8. Gs { eee 0.54 


* Reduced directly at the potential of mercury solution. 
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Table 5! (continued) 


Half- 
Element being | Composition of the solution Valency potential” 
determined (background) change Eij,, V 


—0.66 
—1.02 


1M NH,OH + 0.2M 
NH,Cl + 0.005% gela- 


—1.33 
—1.49 


0.1M KCl, pH 3 ; —1.65 
(when Cov =i x 10-3) 
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Table 52 


Amperometric Titration of Selected Substances (according 


Abbreviations used: a—anodic (oxidizing) current; c—cathodic (re 


Forms of titration curves 
Mm 


Y 


Iv 


I i 
Potential of the platinum 
Ion or | Nature indicator microelectrode 
molecule of relative to the reference 
which pro-| elect- electrode Composition of background 
situsion | rose —_ 
reac- 
current tion microelect- es 
rode, V trode, V 
Ag! c 10 —0.25 HNO,, KNOs, 
CH,COONa 
c |0 —0.25 HNO ;, KNOs, 
CH,COONa 
Cc +0.40 +0.415 H,SO, 
c |+0.40 +0.15 H.SO, 
c {from 0 from —0.25| NH,OH + NH,Cl 
to +0.40 to +0.45 
Asill | a | +1.30 +4 .05 HCl, H.SO, 
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to O. A. Songina) 


ducing) current 


vom 
ro} ° 
Substance bein 
titra- Hitaica Titrant Remarks 
tion 
curve 


I Agi I-, Br-, Cl- and _ 
others which 
form sparingly 
soluble precip!- 
tates with Ag! 


11 |ci-, Br-, I-,| Ag’ = 
others which 


form sparingly 
soluble preci- 


pitates with Ag’ 
I Agi I: and others| Titration can be con- 
which ore ducted in the pre- 
sparingly solu- II 
ble precipita- Benpwen eu 
tes with Ag! 
I] Cl- and others Ag! ditto 
which form 
sparingly solu- 
ble precipita- 
tes with Agt 
II | PO3- Agi = 


| I | Asi BrOs os 


Potential of the platinum 
Ton or Nature indicator microelectrode 


molecule of relative to the reference 
which pro-| elect- electrode Composition of background 
duces rode solution 


diffusion | reac- | TC 
: saturated 
current tion | microelect- calomel 


rode, V electrode, V 


Aull c | from 0 from —0.25] IICl, H,SO4, KNOg, 
to +0.40 | to +0.15 NaNO, 
c |+0.40 +0.45 KNO;, NH,NO,, H,SO, 
Bilt c |+0.4 —0.15 HClO,, pH 1.2 
HNO,, pH 1.5 
Br, e |+0.45 +020 NaHCO, + KBr 
c |+0.40 +045 HCl, 2 
H,SO,, 4N + Cl- 
Br- a a sn -_ 2N 
Cel¥ c |-+0.75 +0.50 H.SO, 
c |-+0.45 +0.20 HCl 


Form 
of 
titra- 
tion 
curve 


Substance being 
titrated 


Titrant 
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Table 52 (continued) 


Remarks 


a eee eee 


Titration of Aull 


with reducing 
agents is conduct- 
ed more. conve- 
niently according 
to the current of 
their oxidation; 
for example, thi- 
ourea at the micro- 
electrode potenti- 
al equal to +0.8 V 
(microelectrode). 

In this case, the 
titration curve is 
of the II shape 


jf the test solution 


I Awl S,.02- and vari- 
ous organic 
compounds; for 
example, mer- 
captothiazole, 
hydroquinone, 
thiourea 

I Aull Fe(CN)§- 

Pe eee |i Ra re SSRN eee re ee 
jax | Por Bim 
Aslll | NH; BrO-, ClO- 
Asill | spill BrOgs 


contains Hel! , Cull, 


Ag! and others, tit- 
ration is conducted 
at the microelec- 
trode potential 
equal to +0.70 V 


se eM ah eee ee ea ee Se 
| I jae 


IT 


II 


Oxalate, vey ’ 
Felt ; TL 


Spl 


CelY 


If, under these con- 


ditions, the reduc- 
ing agent yields an 
anodic current, 
then the titration 
curve has the re- 
versible III shape 


4412 


pe 


Potential of the platinum 
Ion or Nature indicator microelectrode 


molecule of relative to the reference 
which pro-| elect- electrode Composition of background 
ES men or ay aes 
current | tion | microelect- Re ee ace 
rode, trode, V 
CelY c |+4.00 +0.75 H.SO, 
cell | a | 441.60 44.35 CH,CO,Na + ethanol 
Cl, c |+0.70 +0.45 HCl 
Cl- a +1.50 -+-1.25 HCl 
Cr¥! c |+0.40 +0.45 HCl, <6 
+0.40 +0.15 H.SO,, 4-6N 
+0.70 +0.45 H,SO,, 8-12 
+0.90 +0.65 H,S0,4, >12N 
cot | a |+oe5 |+0:40  |4u,80, 
Cull Cc <+0.30 <+0.05 Indifferent electroly- 


tes, diluted acids 
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Table 52 (continued) 


= 
(o) 
< 
=— 
_ 
= 
<! 
— 
‘?) 
ar} 
Le | 
Loe | 


Form 
ieee: Seat ee Titrant Remarks 
tion 
curve 
I NaN ea 
Various organic Cel¥ Before the equival- 
compounds; for ence point—the 
example, hyd-| . organic-compound 
roquinone, me- oxidation current; 
thol, pyrocate- after the equival- 
chin, p-amido- ence point—the 
phenol and CelV reduction 
others current 


= = The value of the Cl, 
reduction current 
is used to deter- 
mine chlorine in 
water 


= — In a hydrochloride 
medium, the chlo- 
ride oxidation cur- 
rent may inhibit 
other anodic pro- 


cesses 
Various reducing | Cr,037 The form of the tit- 
agents, for cane pute de- 
x, 1I ends on the re- 
example. ee fae iant being tit- 
Sb, As rated and the mi- 
croelectrode poten- 

tial 


ta — In amperometric tit- 


ration, the Cul! re- 
duction current is 
not used, but it 
can hinder the de- 
termination of 
other substances 
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Potential of the platinum 
Ion or Nature indicator microelectrode 


molecule of relative to the reference 
which pro-| elect- electrode Composition of background 
duces rode solution 


diffusi - 
arent ‘tlon microelect- Pact ace 
rode, V trode, V 
Fell! c | —0.45 —0.40 H,SO, + (NH,).SO, 
c 0 —0.25 HCl, ~1.2N 
0 —0.25 Depending on the sub- 
stance being deter- 
mined 
Fell a +1.25 +1.00 H,SO, 
a |+1.10 +0.85 H,SO,, HCl 
Fe(CN)s-| c |-+0.05 —0.20 NIT,OH + NH,CI 
c |-+0.20 —0.05 NaOH 


Fe(CN)-| a | from --0.70] from --0.45 = | 
to 1.00 to +0.75 


415 


Table 52 (continued) 


Substance hein 
titrated m Titrant Remarks 


i je Fell! — 

I | Fell! Ascorbic acid Titrat; — en 
j IV. aqQI il c. itration is conduct- 
Vi [Zr", Al, Bev| F ed in the presence 


of Fell! (indicator 
method) 


MnV!, crV4, vY,| Fel! If, under these con- 
Ce! ditions, the oxidiz- 
ing agent produces 

a cathodic current, 

then the titration 

curve has the III 


shape 
I | Fell MnOz,  Cr,03-,| Ditto 
VO;, CelY 
Ii | Colt Fe(CN)3- It is possible to tit- 
rate Fe(CN)3- with 
a standard Co!! so- 
lution, then the 
titration curve has 
the I form 

It | TH Fe(CN)3- Titration with hexa- 
cyanoferrate is con- 
ducted in the pre- 
sence of a catalyst: 

OsO; 
— | Zn! ppl, cal’, | Fe(CN)é- The microelectrode 
Call, Cull, potential, the back- 
Mn!! 7 pill ground composi- 
1’ ’ tion and, consequ- 
A _ and others ently, the form of 
W ich form the titration curve 
sparingly solu- depend on the sub- 
ble precipita- stance being deter- 

tes. mined 


Ault, by reduc- 
tion reaction 
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Potential of the platinum 
Ton or Nature indicator microelectrode 


molecule of relative to the reference 
which pro-} elect- electrode 
duces rode 


diffusion | reac- 
current tion | microelect- 
rode, V 


saturated 


rode, V 
Hg!! c |+0.40 +0.15 NaNOs, NH,NO3, 
H,SO, 
c | +0.40 +0.15 NaNO,, NH,NO,, 
H,SO, 
Hg! | c oo 40.15 aia NH,NO, 
Beginning of reduction 
H,O c |—0.70 —0.95 Alkaline medium 
—0.40 —0.65 Neutral medium 
0 —0.25 Acidic medium 
Beginning of oxidation 
+0.80 +0.55 Alkaline medium 
+1.20 +0.95 Neutral medium 
+1.50 +1.25 Acidic medium 
Il, c | +0.20 —0.05 HCl, >9V 
c ) —0.25 CH,;CO.Na 
c +0.45 +0.20 Seiynette salt -+ 
+ NaHCO, 
c |+0.40 +0.15 HCl, 2V; H,SO,, 2N + 
+ KCl 
I- a |+1.00 +0.75 H,SO,, pH 1-2 
a |-+1.00 +0.75 KNO;, NH,NOg 
a |+1.00 +0.75 HCl > 6N 
Irl¥ | c aii a oe 


Composition of background 
solution 


calomel elect- 
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Table 52 (continued) 


oon 
8] 
titra- Ee Titrant Remarks 
tion 
curve 
1 | Hgl! I-, Cl- -- 
Il | cl- Hg!! _ 
I1 | Pyrophosphate, | He! — 
Mol, wVl 
— — ~_ Water-reduction cur- 
rent limits the ca- 
thodic region of 
electrode reaction 
—- — — Water-oxidation cur- 
rent limits the ano- 
dic region of elec- 
trode reaction 
lV Ase SelV l= — 
I { I, 52037 This reaction is used 


to determine Cull 


Fell As” after ad- 
ding an excess of I- 
to the test solution 


11 | Sn!) Astll spuly 7, _ 


11 | Sbtl, ri 105 = 
| 


It | Agi, Hgl!, pa! | 1- — 
Il 
II 


TL I- ea 
SelV I- = 


I Ascorbic acid, 


hydroquinone 


eee LI 


27— 1845 


Potential of the platinum 
Jon or Nature indicator microelectrode 
molecule of relative to the reference 


which pro-| elect- electrode Composition of background 
dimusion) | eae mee ee 
q turated 
current tion needee calomel elcet- 
Mn VII c |+0.80 +0.55 H.SO, < 8N 
ce |+0.75 +0.50 HCl, 1 
c |+0.40 +0.15 CH,CO,Na + ZnO 
c |+0.40 +0.15 K,P,0,, pH 6-7 
c¢ |-+0.40 +0.15 NaOH, 1N 
Moll c |+0.90 +0.65 H,SO, > 9N 
c |+0.90 +0.65 H,PO, > 10N 
Mol! a | +1.20 +0.95 Acid, neutral, 


CH,CO,Na 
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Table 52 (continued) 


oe 
O 
Nee Nore ba Titrant Remarks 
curve 
SM ae Na ce ea ee al a eel 
— | Various reducing | MnO; The form of the tit- 
agents, for ration curve de- 
example, oxa- pends on the sub- 
late, ferrocy- stance being tit- 
anide, yiv. rated 
Fel! Asill 
oplil Spl 
| TH MnO; = 
11 | Mn?! MnOq = 
II | Mnit MnO; a 
Ir | TelY MnO; = 


me 


1 II.C.O This reaction is used 
a ae to determine PrO, 
after adding an ex- 
cess of Mn! to the 

test solution 
1 | Mn Fel! It is possible to tit- 
rate Mn” accord- 


ing to the Fe"! oxi- 
dation current when 
the microelectrode 
potential is +1.3 V. 
In this case, the 
titration curve has 
the II form 


= ze —~ In amperometric tit- 
ration, the Mn! 
oxidation current 
is not used, but it 
can hinder the de- 
termination of 
other substances 


27* 
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Potential of the platinum 
Ion or Nature indicator microelectrode 


molecule of relative to the reference 
which pro-} elect- electrode Composition of background 
duces FOG) |o 2 = 2 solution 


diffusion {| reac- 
saturated 
current | tion Oey calomel elect- 
eae Nd ee 
NO: c | from +0.40] from +0.15 
to +1.00) to +0.75 
depending on HNO, 
concentration 
a es i 
NO? a |+1.30 +1.05 H,SO,, 0.05NV 


eee 


0, Cc Beginning of reduction 
+0.10 —0.15 Alkaline medium 
+0.40 +0.15 Neutral medium 
+0.80 +0.55 Acid medium 

Ppl c |—0.60 —0.85 CH,CO,Na, CH,;CO,NH, 


rons 

0 Substance being 

titra- titrated Titrant 
tion 

curve 


Strong oxidiz- 
ers, for examp- 
le, Mn0Oq, CelV 
supe 
aci 


I NO; 
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Table 52 (continued) 


Remarks 


In amperometric tit- 
ration, the NOs; 
reduction current 
is not used, but 
it can hinder the 
determination of 
other substances 
if the HNO, con- 
centration used as 
a background is 
>5N 


For the amperomet- 
ric titration of 
NOz, against the 
background of am- 
monium citrate 
(pH 4-4.5) it is also 
possible to use 
chloroamine T as 
a titrant with its 
reduction current, 
at the microelec- 
trode potential 
equal to +0.3 V 


a 


The O, reduction cur- 
rent is used in the 
polarographic de- 
termination of dis- 
solved oxygen. In 
amperometric tit- 
ration, the O, re- 
duction current 
hinders the deter- 
mination of other 
substances 


PbIt 


| I 
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Potential of the platinum 
Jon or Nature 


indicator microelectrode 
molecule of relative to the reference 
which pro-| elect- electrode 
duces rode 


Composition of backgroun) 


solution 
diffusion | reac- 


turated 
current tion eee calomel elect- 
PpIl C +1 .80 +155 CH,CO,NH, or 
CH,CO,Na, 0.51 
Snl! a —0.20 —0.45 Alkaline solution of 
complexone III 
TelV c |+0.60 +0.35 H.SO,, 6.V 
gy a |+0.75 +0.50 H,SO, + (NH,).S0, 
a |+4.00 0.75 H,SO,, 10N 
a |+4.00 +-0.75 H,SO,, 1N -+ H,P,0, 
ql c |+0.50 +0.25 


KNO;, CHsCO,.Na and 
others 


Form 


of Substance heing 


titra- titrated 
tion 


curve 


MI | SO§> 


III | Sn?! 


Titrant 


P pil 


ig 


Cr,03- 
jit 
mill 


423 


Table 52 (continued) 


Remarks 


The titrant is the 
solution of lead ace- 
tate salt contain- 
ing 4-5% of acetic 
acid 


The titrant is the 
solution of mercu- 
ric chloride salt. 
Beyond the equi- 
valence point—the 


Hg! reduction cur- 
rent 


In amperometric tit- 


ration, the Tel” re- 
duction current is 
not measured, but 
it can hinder the 
determination of 
other substances 


Various reducing | Amperometric titra- 


agents, for 
example, thi- 
ourea 


tion of TJIII with 
thiourea is more 
convenient to con- 
duct according to 
the current of the 
Oxidation of the 
latter at the micro- 
electrode potenti- 
al equal to+0.80V. 
In this case, the 
titration curve 
has the II form 


Potential of the platinum 
fon or Nature indicator microelectrode 


molecule of relative to the reference 
which pro-| elect- electrode Composition of background 
ce more a Pa solution 
t ton: icroelect- saturated 
curren on rode. v eaoat ee 
Tl c | —0.60 —0.85 CH,CO.Na 
a |+1.40 44.15 KNO,, NH,NO;, H.SO, 
yl a |+0.20 —0.05 H.SO, 
vv c |+0.50 +0.25 H,SO,, 12-16N 
c |+4.00 +0.75 H.SO,, 18-24N 
yy a | +0.85 +0.60 CH,CO.H + CH,;CO.Na, 
pH 4 
vil a | -+0.85 +0.60 H,SO, + H,P0. 


a |+0.45 +-0.20 H,SO, 
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Table 52 (continued) 


pom 
's) 
Substance being 
titra. Mua Titrant Remarks 
curve 


| a he I- — 

— In amperometric tit- 
ration, the TIl- 
oxidation current 
is not used, but 
it can hinder the 
determination of 
other substances 


a CD Un 


Ilr | yl Fell! Beyond the equival- 
ence point—the 
Fell! reduction 
current 


as 


II | Various reducing | VO3 


agents, for 
example, Fe! 
Tir | y¥ Fell Beyond the equival- 
ence point—the 


Fel! oxidation cur- 
rent 


VO2t This reaction is 
used to determine 
ALT, grlV, Tht’ 
and other substan- 
ces after adding an 
excess of complex- 
one III to the test 
solution 


II | Complexone III 
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Table 93 


Conditions of Amperometric Titration with Two Polarized 


Forms of titration curves 
I ye vig Ww 


In amperometric titration with two polarized electrodes, the 
latter must be in the titrate simultaneously and must have a suf- 
ficiently large surface (this being the difference in respect of classical 
amperometric titration with a microelectrode). Voltage is applied to 
the electrodes with the aid of a voltage divider from an external source 
of direct current with a small output voltage (~2-4 V). The amount 
of voltage applied to the electrodes is controlled (without trying to 
achieve great accuracy) by a d.c. voltmeter which is connected to the 
circuit parallel to the electrodes. 

The fourth column of the table gives approximate voltages applied 
to the electrodes, at which the latter are depolarized: before the equi- 
valence point or after it, or in the entire process of titration. 

The fifth column gives the oxidation-reduction systems whose 
components provide an indicator current, which arises due to the 


Electrode reactions 


Substance Voltage indicator 
D de ; 

being de- Titrant eee being applied, 

termined material cave 


before the equiva- 
lence point 


Ag! Cl-, Br-, | Hg from 14 Agi/IIg | 
to 10 

APH | F- Pt 100 — 

Asi! =| BrOs Pt 50 = 

Fe(CN)3- Pt 290 — 
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Indicator Electrodes (according to O. A. Songina) 


depolarization of electrodes. The dashes in this column indicate the 
absence of the indicator current either before or after the equivalence 
point at a given voltage applied to the indicator electrodes. This 
occurs when, in the process of titration, the components of an oxida- 
tion-reduction system either being formed or present in the titrate 
cannot, at a given voltage, be oxidized and reduced at the electrodes, 
or when one of the conjugated forms of the aac ye is absent. 

In some cases, depending on the composition and amount of voltage 
epenee to the electrodes, an oxidized form of one and a reduced form 
of another redox system can participate in electrochemical reactions, 
thus providing an indicator current before and (or) after the equival- 
ence point. 

In the sixth column, Roman numerals indicate the forms of titra- 
tion curves near the equivalence point. 


Form of 
piilieate poauee the titration 
curves 
peat the Remarks 
equiva- 
after the ene lence 
P point 
— I As electrodes, ground mercury is 
used. Before the equivalence point 
is reached, the electrode materi- 
al—Hg } (anode) —is oxidized, and 
Ag! is reduced at the cathode 
— IV Titration is conducted in the pres- 
ence of the redox pair Fe!!!/Fel! 
Br,/Br- I] Titration is conducted in the pres- 


ence of Br- 
Fe(CN)$-/Fe(CN )a- I! Titration is conducted in the pres- 
ence of an OsQ, catalyst 


J 
NN Seca 
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Electrode reactions 


g gtan Vv ] indicator 
tein de Titrant eee enone being. applied, 
termined m perce the equiva- a 
lence point 
Aull! Ascorbic Pt 100 Aulcl- 
acid 
Bal =| F- Pt | 100 | = | 
Br- Agi Ag 10 — 
Hg! Hg from 1 — 
to 10 
Call F- Pt 100 es 
Complex- | Cathode: 130 — 
one III Pt 
anode: 
amalga- 
mated 
Ag 
Fe(CN)s- | Pt 400 = 
call Fe(CN)4- | Pt 200 = 
CelY | Ascorbic | Pt 200 Cet ¥/Cell! 
acid, 
oxalic 
acid 


Fell Pt 200 Cel ¥/CoHt 


Fe(CN)3-/Fe(CN)4- 
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Table 53 (continued) 


which induce the Form of 
titrati 
current ae 
near the Remarks 
after the equiva- eauve: 
Jence point point 
— ] Titration is conducted in a hydro- 
chloric acid medium. Before the 
equivalence point is reached Avil 
is reduced at the-cathode, and Cl- 
is oxidized at the anode 
— IV Titration is conducted in the pres- 
ence of the redox pair Fe™/Fell 
Agi/Ag } I] Beyond the equivalence point, the 
electrode material—Ag } (anode)— 
. is oxidized 
Hg’/Hg } II As electrodes, ground mercury is 
used. Beyond the equivalence 
point, the electrode material— 
Hg {| (anode)—is oxidized 
— IV Titration is conducted in the pres- 
ence of the redox pair Fe!!/Fel! 
_— IV Titration is conducted in an alkaline 
medium in the presence of Hg! 
H+/Fe(CN)é- II As a titrant, (NH,),Fe(CN)., is used. 


Beyond the equivalence point, H+ 
is reduced at the cathode and 
Fe(CN)é~ is oxidized at the anode 


II Titration is conducted in the pres- 
ence of Fe(CN)§- 
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Electrode reactions 


Subst Volt indicator 
being de-| ‘Titrant Electrode | heing applied, 
termined mV before the equiva- 
lence point 
CelV | N-Benzoyl- | Pt 800 Ce! ¥/H,0 
pacnys or 
ydro- background 
xylamine 
Cupferron | Pt 1000 Ce! Y/Cel!t 
Cl- Ag! Ag from 1 — 
to 10 
lg! Hg from 1 — 
to 10 
Coll Ascorbic Pt 100 The mechanism 
acid 
Coll CelV. Pt 100 The mechanism 
Cr,07-, 
VO; 
Fell Pt 1000 The mechanism 
crlV Fell Pt 100 ~ 
Fell Pt 150 — 
Cul! Complex- Cu 20 Cul/cu | 


one III 
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Table 53 (continued) 


Form of 
wy anouce the titration 
curves 
= the Remarks 
after the equiva- 
lence 
lence point Alco A ce ees ee Sy 


cathode ‘and, at the anode, water 
or the background electrolyte is 
oxidized, for example Cl-, if tit- 
ration is conducted in a sulphuric 
acid medium or in the presence 
of chloride 

Before the equivalence point is 
reached, cupferron reduces Ce 
Beyond the equivalence point, 
H+ is reduced at the cathode, and 
cupferron is oxidized at the anode 


H+/cupferron III 


~TAgvyag} | IL | Beyond the equivalence point, the Ag I] Beyond the equivalence point, the 
electrode material—Ag | (anode) — 
is oxidized 

lig'/lig | II As electrodes, ground mercury is 


used. Beyond the equivalence 
point, the electrode material— 
|| sig } (anode)—is oxidized (anode)—is oxidized 


The titrate is the cobaltic carbonate 
complex solution 


— I] Before the Sue ce point is 
reached, CelV is reduced at the 
is not established | = [Petits 


Titration is conducted in the pres- 
ence of complexone III 


is not established 


Titration is conducted in the pres- 
ence of phenanthroline 


is not established — 


Foll/Fel! II Titration is conducted with a ferrous 
perchlorate solution in glacial ace- 
tic acid 


Before the equivalence point is 
reached, the electrode ater at 


Cu } (anode)—is oxidized, and Cull 


Felll/pell I] [| peepee = 
|_| EES is reduced at the cathode 
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{ndicator 
Substance , Voltage 
peing de Titrant ee being applied, 
termined mV before the equiva- 
lence point 
Cull Complex- | Pt, = gra-| From 1000 — 
one III phite to 1400 
Fell! Com plex- Pt gra- | from 1000 — 
one III phite to 1400 
Ascorbic | Pt 100 Felll/Fel! 
acid 
Fall CelV 
MnOj, 
Cr,02- 
CcrO, 


Fe(CN)8-]| AsOZ 


Fe(CN)é-| MnO; 
CelV 
Til 


Electrode reactions 


Pt 150 Fe(CN )g-/Fe(CN)a- 
Pt 150 Fe(CN )3-/Fe(CN )a- 
Pt 150 Fe(CN)3-/Fe(CN )a- 
Pt 150 Fe(CN)3-/Fe(CN)s- 


Felll/pell 
Felll/ pall 
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Table 53 (continued) 


Form of 
which induce the 
titration 
current cuevees 
se the Remarks 
after the equiva- st 
lence 
lence point point 
H+* cupric com- 1] Beyond the equivalence point, H+ 
plexonate/com- and cupric complexonate are reduoc- 
plexone III ed simultaneously, and complex- 
one III is oxidized at the anode 
H+ + ferric com- II Beyond the equivalence point, H+ 
plexonate/com- and ferric complexonate are reduc- 
plexone III ed simultaneously, and complex- 
one III is oxidized at the anode 
as I = 


= I Titration is conducted in glacial 
acetic acid with a ferrous per- 
chlorate solution 


Titration is conducted in the pres- 
ence of an OsOQ, catalyst. This 
reaction can be used to indirectly 
determine Hg!, Co!!, sn, spU!, 


Ast! SelY and others by the tit- 
ration of the excess of Fe(CN)3- 


Titration is conducted in the pres- 
ence of Fe(CN)3-. As a titrant, 
use can also be made of other 
cations which form sparingly sol- 
uble precipitates with ferrocy- 
anide, hexacyanoferrate (II); for 


example, Cd/! 


Fe(CN)§-/Fe(CN)4- II Titration is conducted in the pres- 
ence of Fe(CN)§- 


a 


28— 1845 
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Electrode reactions 


indicator 
Substa - Voltage 
being de Titrant Bree ee eine applied: 
termined = before the equiva- 
lence point 

H,0O Fisher's Pt 30 = 

reagent 
Hel! Com plex- Hg from 1 Hel /He | 

one IIT to’ 10 

I= Pt 30 — 

Hg! CN-, SCN-,| Hg from 4 He/He } 

Cl-, Br-, to 10 


Ag? Pt 30 I,/I- 


Lalll Fe(CN)i- | Pt 400 = 
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Table 53 (continued) 


Form of 
ee the titration 
curves 
near the Remarks 
after the equiva- pipet 
lence point point 
[5/1= II This reaction is used to determine 
water in organic and inorganic 
materials 


mS 


a f As electrodes, ground mercury is 
used. Before the equivalence point 
is reached, the electrode mate- 
rial—Ilg | (anode)—is oxidized 

I,/I- II Titration is conducted in the pres- 
ence of Cr,0%- or I, 
ne Se OS 

— I As electrodes, ground mercury is 
used. Before the equivalence point 
is reached, the electrode materi- 
al—Heg | (anode)—is oxidized 

I 


Fe(CN )8-/Fe(CN )a- IJ 
NTN ence of Fe(CN)3- 


— I This reaction can be used to indi- 


| Titration is conducted in the pres- 


rectly determine Cl,, HgQ.2, Ox, 
Cul, THY, Se!Y and others by the 
titration of I,, which separates 
after adding an excess of iodide 


Il Beyond the equivalence point, the 
electrode material—Ag | (anode)— 
is oxidized 

I Titration is conducted in the pres- 
ence of I, 


> 
za 

> 
GQ 
<— 


Agt/Ag | I Titration of potassium tetraphenyl- 
borate is conducted in acetone. 
Beyond the equivalence point, 
the electrode material—Ag J} (ano- 
de)—is oxidized 


H+/Fe(CN)é- I] Beyond the equivalence point, Ht 
is reduced at the cathode 


28* 


Electrode reactions 


indicator 
Substance ; Voltage 
being de- Titrant Elec tiode being applied, 
termined m hefore the equiva- 
lence point 
Mgt BrOs Pt 50 — 


Complex- | Cathode: 210 — 
one III Pt, 


anode 
amalga- 
mated Ag 
MnOz | Feld Pt 100 ~ 
Fel! Pt 150 
Mult Mn0Oz Cathode: Without 
Pt, the ap- 
anode: plication 
Ag of volt- 
age 
Mo‘! | pbt Pt 1300 - 
NO; Felt Pt 10 | as | 
Nill Dimethyl- | Cathode: | 1500 Ni@/OH- 
glyoxime amalgam- 
ated Ag, 
anode: 
Pt 
I, Pt 30 =a 
SO}- - ” ‘os | = | 
S,03- I,, 105 Pt 
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Table 53 (continued) 


which induce the Form of 
current pati 
ae Remarks 
after the equiva- ~ 
lence point tre 
Br./Br- Il The titration of magnesium hydroxy- 
quinolate is conducted in the 
presence of Br- 
Mercuric com- IV Titration is conducted in an ammo- 
plexonate/Hg { nia buffer solution in the pres- 
ence of Hl! 
Felll/Fell II — 
Fell/pell II Titration is conducted with ferrous 
perchlorate solution in glacial ace- 
tic acid 


ne 
II Beyond the equivalence point, the 


Mn0O;z/A 
af AB electrode material—Ag | (anode)— 
is oxidized, and MnO q is reduced 


at the cathode 


Sa ca a i eS 
Beyond the equivalence point, H* 


Il 
is reduced at the cathode, and 
Pb# is oxidized at the anode 


acetic aci 


Felll/poll II 
_ I Before the equivalence point is 
reached, Ni is reduced at the 
cathode, and OH- is oxidized at 
the anode (alkaline medium) 
I,/1I- II Titration is conducted in the pres- 
ence of dimethylglyoxime 
| II Titration is conducted in glacial 
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Substance 
being de- 
termined 


SCN- 


Titrant 


Com plex- 


Electrode 
material 


Voltage 
being applied, 
m 


200 


Electrode reactions 
indicator 


before the equiva- 
lence point 


Tl! Complex- Graphite, | from 1000 — 
one III Pt to 1400 
Fe(CN)i- | Pt 400 ao 
CelV Pt 100 — 
ulV VO; Pt from 200 Ee 
to 300 
Fel Pt 400 = 
Com plex- Pt 900 H+/ulY 
one III 
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Table 53 (continued) 


which induce the Form of 
titration 
current eurees 
sea the Remarks 
after the equiva- eney a 
lence 
lence point point 
ence of pyridine and an ICI cata- 
lyst. This reaction can be used 
to indirectly determine Cul, Co!!, 
call Nill by the titration of an 
excess of SCN- 


ci [se 


Co! ¥/cell! I] Titration is conducted in the pres- 


— IV 
| | ence of the Fe!!/Fel! redox pair 


a ee ee 


Br,/Br- Il | Jo 
es eer ererreeseewee eee ee ee 
I,/I- Il | = 
| Titration is conducted in the pres- 


H+ - II Beyond the equivalence point, Ht 
acorns and thallic complexonate are re- 


duced simultaneously at the ca- 
thode, and complexone III is 
oxidized at the aces is 

+ 4— Beyond the equivalence point, H+ 
roan 2 : reduced at the cathode, and 
Fe(CN)é- is oxidized at the anode 


plexone III 


Ce! V/Cell! II 


vY/ylv II- 


Felll/ Fell II 
axe I Before the equivalence uae is 


reached, H+ is reduced at the 
cathode, and UY is oxidized at 
the anode 


440 


Electrode reactions 


indicator 
Substance Voltage 
: Electrode 
inna oot materia) | oe Peel store the equi 
e 1€ equiva- 
lence polit 
wv! Pb Pt 1500 — 
| ! 


yi Cupferron | Pt?! from 1000 — 
to 1200 
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Table 53 (continued) 


which Induce the Form of 
current eee 
eal the Remarks 
after the equiva- Revie 
lence point point 


H+/Ppll II Beyond the equivalence point, H+ 
is reduced at the cathode, and 


Pb" is oxidized at the anode 


H+/cupferron II Beyond the equivalence point, H+ 
is reduced at the cathode, and 


cupferron is oxidized at the anode 


II Titration is conducted in the pres- 


Fe(CN)8-/Fe(CN)s- Harte 
ence of Fe = 
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Table 54 


Overvoltage of Hydrogen and Oxygen at 
Various Electrodes 


(at room temperature) 


The dependence of the hydrogen overvoltage y};, on current density 
is expressed by the equation i 


NH, = 0.116 log i + k 


wher .¢ is a constant which depends on the nature of the electrode. 
With a rise in temperature, the value of overvoltage decreases by 
3 mV/°C. In an alkaline medium, hydrogen overvoltage is as a rule 
somewhat greater (by 0.1-0.3 V) than in an acidic medium. The over- 
voltage of oxygen in an alkaline medium is approximately one volt 
greater than in an acidic medium. The overvoltage of electroseparation 
of metals is considerably less than that of gases. 


Current density, A/cm? 


Electrode Composition 0.00005 


00 
of the solution | and less|9-0001/ 0.001] 0.04 0.1 


a ee 
overvoltage, V 


Hydrogen 
Palladium | 2NV H,SO, —0.26 | — a — = 
grea ditto 0.000} ~— — 0.03 | 0.04 
inize 

Platinum = |{_ 2 t#so¢ | 0.008) — | — | 0.07 | 0.29 
(smooth) nee — |0.04/0.10] 0.22| — 

Gold ey ate 0.017 0.39 | 0. 
NH te 4 — | 0.33 | 0.44 0.55 ead 

Cobalt 2N 250, 0.067, — = ra es 
Silver aM 1°80: ° "| os | 0.57} oe | — 
Vanadium a oe. ee ae oa at — 
138) — — — — 

Nickel 0.1517 HCL — a 0.28 = — 
. a = .18 | 0.29 — = 

Tungsten 2N H,50, 0.157), — - — — 
Molybdenum | 2/N II,50, 0.168) — — — — 
2N H,S0, 0.175} — — 0.56 | 0.82 

Iron au eae — Ae 0.33; 0.46; — 
a = _ we = 

Chromium aid H,SO, 0.182; — — — — 
N H,SO — | 0.83] 0.94; 1.04) — 
one 2N H3S0, | 0.190] — | — | 0:58 | 0.85 
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Table 54 (continued) 


Current density, A/cm? 


Electrode OE eee ooo ?lo.0001/0.001| 0.01 | 0.1 
overvoltage, V 
Antimony 2N H,S0O, 0.233) — — — — 
Titanium 2N H,SO, 0.236} — — — — 
Aluminium 2N H,SO, 0.296) — — — — 
Carbon 2N H,SO, 0.335) 0.77 | 0.88 | 1.0 — 
Arsenic 2N H,SO, 0.369 — — — 
Bismuth 2N H,SO, 0.388} — — — — 
1N H,SO — | — | 0.98} 1.43] — 
Tin 2N H,SO, 0.401) — — 1.08 | 1.22 
Lead 2N H,SO, 0.402} 0.98 | 1.1 14.24]; — 
Zinc 2N H,SO, 0.482) — — 0.75 | 1.06 
1N H,SO — |0.93] 1.04] 1.46) — 
PRSECHEY On HSO, | 0.5701 — | — | 4.04 | 1.07 
Oxygen 

ie iP es _ tonaget 

Pitinun|{ Minion i 
(smooth) 0.2 H,S0,| — |0.67|0.78| — | — 
From lead | 8N H,SO, — | 0.97] 1.08] 1.49] — 

dioxide 

Iron 2N NaOH — | 0.44; 0.48] 0.52] — 


* 0.023 A/cm?, 
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Table 55 


Potentials of Electrode Decomposition of 1:V Solutions 
of Selected Compounds 


ey 
b= 
) 
On 
wo 


Decomposi- Decomposi- 
Compound tion poten- Compound tion poten- 
tial, V tial, V 
Salts 
AgNO, ..... 0.70 BBE. ce gw hres 0.94 
CuSO, ..... 1.49 (COOH), ae 0.95 
Pb(NOs5)o 1.92 HG). soi S28 xs 1.31 
OC ie eg ke a 1.78 HGlOg. 6 & 6. 6 & os 1.65 
ZuBrg ..... 1.80 HeSOe 3. wa ae 1.67 
Nicl, ...... 1.85 HNO, ..... 1.69 
Cds. eee aw x 1.88 CH,(COOH), 1.69 
CoSO, ..... 1.92 qe Og. . ek a) ene 1.70 
Cd (NOs), 1.98 || CH,CICOOH 1.72 
SOM ae BS 2.03 
NiSO,...... 209 Bases 
DUSO 4° 92 oe, & A 2.30 Non ds et Let Ae ae .67 
2 NaOH ..... 1.69 
Acids NH,OH ..... 1.74 
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Table 56 


Flame Photometry 


Recommended wavelengths of the spectral lines and the molecular- 
band maxima for determining the elements with the aid of a spectro- 
provometes having glass optics and with the use of an air-acetylene 


ame 
(the wavelengths of molecular-band maxima are italicized) 


Element wavelength: Element eae oe 
a rt OM ie a 
ilo eee as & 870.0 Lithium ..... ee 

Oron...... 545.0-548.0|| Magnesium... : 
Calcium ..... 422.7 Manganese . . . .| 403.1-403.4 
Calcium ..... 622.0 Phosphorus 548 .0 
Cesium ..... 852.1 Potassium ... .|766.5-769.9 
Chromium... . 425.4 Rubidium .... 794.8 
Kuropium .... 459.4 Sodium ..... 589 .0-589 .6 
Gallium ..... 417.2 Strontium... .. 460.7 
Indium ..... 451.4 Thallium .... 535.4 
Iron. ...... 386 .0 Ytterbium.... 398 .8 
Lanthanum ... 438 .0 Yttrium ..... 618 ,0-616 .6 


Lanthanum ... 794.0 
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Table 57 


British and American Weights and Measures in 


Comparison with the Metric System of Measurement 


Name 


Linear Measures 


1 mile = 1760 yards = 5280 feet = 63,360 inches 


1 yard = 3 feet = 36 inches 
1 foot = 12 inches 
1 inch 


= ee e +@  @  @ oe eo «@ 
oso @ e@ @ ee @ @ ee 8 28 ee  e« 28 


Liquid Measures 


1 gallon ae = 4 quarts = 8 pints = 32 gills = 


1 
1 


> > p> pa > ja 


ped ft ped fads pod = 


pas pom 


= 160 flui 


= 160 
pint 


o e«e e oe 
ea @ ee ee @ 
SP ate 6 RL OA Oe ay See er. as’ tet) “tee? - Se 


scruples 
flui 


Avoirdupois Weight 


Br. pound (1b) = 16 ounces = 256 drachms = 
= 7000grains .... 2.2... 
Br. long ton = 2240 pounds ......... 
Br. short ton= 2000 pounds ........, 
ounce = 16 drachms = 437.5 grains .... . 
drachm = 27.34 grains ........4... 
QUOI. ses. \es Arse Gee es ay oe he Sal Rw a es GA 4, a 


Units of Energy 


Br. foot-pound = 0.1383 kgf-m ....... 
Br. horsepower-hour (hp-h) = 0.746 kWh = 
= 274,000 kgf-m = 1.014 hp-h (metric system) 


Metric 


equivalent 


1.6093 km 
0.9144 m 
0.3048 m 
2.5400 cm 


4.546 | 


3.785 | 
4.546 | 


0.5683 | 
0.4/32 | 


28.41 ml 
29.57 ml 


3.552 ml 
3.697 ml 
1.184 ml 
0.05919 ml 
0.06161 ml 


453.59 g 
1016.05 kg 
907.185 kg 
28.39 g 
1.772 g 
0.0648 g 


1.356 J 
4690 kJ 
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Table 57 (continued) 


Metric 
Name equivalent 


1 British thermal unit (BTU) = quantity of 
heat that raises the temperature of 1 Br. 
pound of water by 14°F ........... 0.252 kcal 


Units of Power 


4 Br. foot-pound/second = 0.0018144 hp (metric 
SVStCM). aka 2. ewe Ee ee ee ee 1.356 W 
1 Br. horsepower = 1.014 metric horsepower . . 0.746 kW 
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Table 58 


Simplified Table of Five-Place Logarithms 


Every line gives the proportional parts of the mean values of the 
of their real values). Such a simplification leads to errors in mantissas 
and convenient to use as the tables of four-place logarithms. 


A. Logarithms 


srelviviel+lslas 
49 || 90.900 | 00432 | 00860 | 01284 | 01703 

024119 | 02534 
{4 || 04139 | 04532 | 04922 | 05308 | 05 690 

06070 | 06 646 
yg | 97918 | 08279 | 08636 | 08991 | 09342 

09691 | 10037 
43 41394 | 11727 | 12057 | 12385 | 12710 

13033 | 13354 
14 14613 | 14922 | 15229 | 15534 | 15 836 

16137 | 16 435 


20 | 30103 | 30320 | 30535 | 30750 | 30963 | 31175 | 31 387 
21 || 832222 | 32428 | 32634 | 32838 | 33041 | 33244 | 33 445 
22 || 34242 | 34439 | 34635 | 34830 | 35025 | 35218 | 35 414 
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differences between the numbers which stand on the given line (instead 
of logarithms, but they are not over 0.00002. This table is as easy 


Proportional parts of the mean values of differences 
: 1 2 3 | 4 5 6 | 7 8 9 
85 127 | 170 212 254 297 339 3814 
02 938] 03 342 | 03 743 ey 124 | 162 202 242 283 323 364 
77 416 | 154 493 232 270 309 348 
06 819 | 07 188] 07555 74 444 | 148 185 222 | 259 296 333 
36 74 106 | 142 177 213 | 248 284 319 
10 380| 10721] 11059] 34 68 102 | 136 170 204 | 238 272 307 
66 98] 134 164 197 229 262 295 
13672] 13988] 14 304 638 95 | 126 158 190 | 2241 253 284 
ey 64 94 | 122 152 183 213 244 274 
16 732| 17026] 17319 99 88) 118 147 177 | 206 236 265 
28 57 85] 114 142 171 199 228 256 
149 590} 19 866] 20140] 28 55 831} 110 138 165 | 193 224 248 
ee 80 | 107 1384 160 | 187 244 240 
22 2721 22531 | 22 789 52 78 | 104 130 156 182 208 233 
26 50 76/101 126 154 176 201 227 
24 797 | 25042] 25285] 25 49 73 98 122 147 171 196 220 
24 48 71 95 119 143 167 190 214 
27 184] 27416] 27646] 23 46 69] 93 116 139 | 162 185 208 
3 ie 68 | 90 113 135 | 158 180 203 
29 447] 29 667] 29 A berssi eaishee aas| 66 | 88 110 132 | 154 176 198 
31 597 | 34806] 32015] 21 43 64] 85 106 127 | 448 170 4190 
33 646 | 33 846] 34044] 20 44 64] 81 101 124 | 1414 162 199 
35 603} 35 793] 35984] 20 39 58 77 «97 116 435 154 174 


et 


29— 1845 
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Logarithms 
N 
23 || 36173 
24 |) 38021 
25 || 39 794 
26 |) 41 497 
27 || 43 136 
28 || 44716 
29 || 46 240 
30 || 47742 
31 || 49 136 
32 || 50 545 
33 || 54 854 
34 || 53 148 
3o || 94 407 
36 || 55 630 
37 || 56 820 
38 || 07 978 
39 || 59 106 
40 | 60206 
41 || 64 278 
42 || 62 325 
43 || 63 347 
44 || 64345 
45 || 65 324 
46 || 66 276 
47 || 67240 
48 || 68124 
49 | 69020 
50 || 69 897 
51. || 70757 
52 | 71600 
03 || 72428 
54 || 73 239 
55 | 74036 
56 || 748419 
57 || 75,587 
58 || 76 343 


bie ot it 
36736 | 36922 | 37107 | 37 2914 
38 561 | 38729 | 38917 | 39094 
40312 | 40483 | 40654 | 40824 
44.996 | 424160 | 42325 | 42 488 
43616 | 43775 | 43933 | 44091 
45179 | 45332 | 45 484 | 45 637 
46687 | 46835 | 46982 | 47129 
48144 | 48287 | 48430 | 48572 
49554 | 49693 | 49831 | 49969 
590920 | 51054 | 54488 | 51322 
52 244 | 52375 | 52504 | 52634 
53529 | 53656 | 53782 | 53908 
54777 | 54900 | 55023 | 55145 
59994 | 56410 | 56229 | 56 348 
07174 | 57287 | 57403 | 57519 
58 320 | 58433 | 58546 | 58659 
59 439 | 59550 | 59660 | 59770 
60534 | 60638 | 60746 | 60853 
61595 | 64700 | 64805 | 61909 
62634 | 62737 | 62839 | 62941 
63649 | 63749 | 63849 | 63949 
64640 | 64738 | 64836 | 64933 
66610 | 65706 | 65804 | 65896 
66558 | 66652 | 66745 | 66839 
67486 | 67578 | 67669 | 67761 
68395 | 68485 | 68574 | 68 664 
69 285 | 69373 | 69461 | 69548 
70157 | 70243 | 70329 | 70415 
714.012 | 71096 | 711814 | 71 265 
71.850 | 71933 | 72016 | 72099 
72673 | 72754 | 72835 | 72916 
73 480 | 73560 | 73640 | 737419 
74273 | 74351 | 74429 | 74507 
75054 | 75428 | 75205 | 75 282 
75 815 | 75891 | 75967 | 76042 
76 567 | 76644 | 76716 | 76790 
77305 | 77379 | 77452 | 77525 


7 | 8 | 9 


37 475 
39 270 


40 993 
42 651 
44 248 
45 788 
47 276 


48 714 
20 106 
o4 455 
02 763 
04 033 


00 267 
96 467 
o7 634 
08 771 
09 879 


60 959 
62 044 
63 043 
64 048 
65 034 


65 992 
66 932 
67 852 
68 753 
69 636 


70 504 
71 349 
72 181 
72 997 
73 799 


74 586 
75 358 
76 148 
76 864 
77 597 


37 658 
39 449 


41 162 
42 813 
44 404 
45 939 
47 422 


48 855 
50 243 
o1 587 
02 892 
04 158 


D9 388 
06 585 
57 749 
58 883 
09 988 


61 066 
62 118 
63 144 
64 147 
65 128 


66 087 
67 025 
67 943 
68 842 
69 723 


70 586 
71 433 
72 263 
73 078 
73 878 


74 663 
75 435 
76 193 
76 938 
77 670 


37 840 
39 620 


41 330 
42975 
44 560 
46 090 
47 567 


48 996 
50 379 
54 720 
53 020 
54 283 


99 509 
96 703 
57 864 
98 999 
60 097 


61172 
62 221 
63 246 
64 246 
65 229 


66 181 
67 117 
68 034 
68 931 
69 810 


70 072 
71 517 
72 346 
73 109 
73 957 


74 744 
75 511 
76 268 
77 012 
77 743 
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Table 58 (continued) 


Proportional parts of the mean values of differences 


{ 


—> 
~“I-10000CM WHmmcoomodc§9 momwwo © 


2 


3 


4 


5) 


6 


7 


8 


9 


452 


Logarithms 


78 176 
78 888 
79 588 
80 277 
80 956 


81 624 
82 282 
82 930 
83 569 
84 198 


84 819 
85 431 
86 034 
86 629 
87 216 


87 795 
88 366 
88 930 
89 487 
90 037 


90 580 
91 116 
91 645 
92 169 
92 686 


93 197 
93 702 
94 201 
94 694 
95 182 


95 665 
96 142 
96 614 
97 081 
97 543 
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= Table 58 (continued) 


Proportional parts of the mean valuec of differences 


1 2 3 4 5 6 | 7 8 9 
] 

78 319| 78390| 78462] 7 14 22 29 36 43 50 58 65 
79 029] 79099] 79169] 7 14 21 28 36 43 50 57 64 
79 727 | 79796| 79865| 7 14 21 28 35 41 48 55 62 
80 414| 80482} 80550] 7 14 20 27 34 Al 48 54 64 
81090} 81158] 81224] 7 13 20 27 34 40 47 54 60 
81757] 84823] 81889} 7 13 20 26 33 40 46 53 59 
82 413] 82478] 82543] 7 13 20 26 33 39 46 52 59 
83 059] 83 123] 83487} 6 13 19 26 32 38 45 54 58 
83 696| 83759| 83822] 6 13 19 25 32 38 44 50 57 
84 323| 84386] 84448] 6 12 19 25 31 37 43 50 56 
84 942} 850031 85065] 6 12 19 25 31 37 43 50 56 
85552! 85642| 85673] 6 12 18 24 34 37 43 49 55 
86 153] 86213) 86273| G 12 18 24 30 36 42 48 54 
86 747| 86806] 86864] 6 12 18 24 30 35 44 47 58 
87 332] 87390| 87448] 6 12 17 23 29 35 44 46 52 
87 910] 87967] 88024] 6 42 17 23 29 35 41 46 52 
88 480| 88536| 88593] 6 11 17 23 29 34 40 46 54 
89 042| 89098| 89154] 6 11 17 22 28 34 39 45 50 
89597] 89653} 89708| 6 14 17 22, 28 33 39 44 50 
90 146] 90200] 90255] 6 11 17 22 28 33 39 44 50 
90 687] 90744] 90795] 5 44 16 22 27 32 38 43 49 
91 2221 91275] 91328] 5 411 16 21 27 32 37 42 463 
91 754| 91803] 91855] 5 11 46 21 27 32 37 42 48 
92 273} 92324] 92376] 5 10 16 21 26 31 36 42 47 
92 788} 92.840] 92891} 5 10 15 20 26 31 36 41 46 
93 298} 93349| 93399] 5 10 15 20 26 31 36 41 46 
93 802} 93.852] 93902] 5 10 15 24 25 30 35 40 45 
94 300} 94349] 94399} 5 10 15 20 25 30 35 40 45 
94792] 94841] 94890] 5 10 45 20 25 29 34 39 44 
95 279| 95323] 95376] 5 40 40 19 24 29 34 39 44 
95 764] 95809] 95856] 5 10 14 49 24 29 34 38 43 
96 237] 96284] 96332) 5 9 44 19 24 28 33 38 42 
96 708| 96755] 96802} 5 9 14 19 24 28 33 38 42 
97 174] 97220] 97267] 5 9 14 48 23 28 32 38 42 
97 635| 97681] 97727] 5 9 14 18 23 28 32 37 42 
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Logarithms 


97 772 
98 227 
98 677 
99 123 
99 564 


97 818 
98 272 
98 722 
99 167 
99 607 


B. Antilogarithms 


o | 


log 


10 000 
10 233 
10 474 
10715 
10 965 


11 220 
11 482 
11 749 
12 023 
12 303 


12 589 
12 882 
13 183 
13 490 
13 804 


14 125 
14 454 
14 791 
15 136 
15 488 


15 849 
16 218 
16 596 
16 982 
17 378 


10 023 
10 257 
10 495 
10 740 
10 990 


11 246 
11 508 
11776 
12 050 
12 331 


12 618 
12 9142 
13 213 
13 524 
13 836 


14 158 
14 488 
14 825 
15174 
15 524 


15 885 
16 255 
16 634 
17022 
17 418 


7 | 8 | 9 
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Table 58 (continued) 


Proportional parts of the mean values of differences 


123 4 5 6 | 7 8 9 
98 091 | 98 137] 98 182 5 9 14 48 23 27 32 36 41 
98 543) 98588) 98 632 5 9 14 18 23 27 32 36 44 
98 989 | 99034] 99078 49 13 48 22 27 31 36 40 
99 432] 99 476] 99520 49 43 48 22 26 31 35 40 
99 870! 99913] 99 957 4 9 13 47 22 26 314 35 39 


{ 2 3 4 5 6 7 8 9 
295 7 9 12 14 46 19 24 
25 7 10 12 14 17 19 24 
25 7 10 12 45 17 20 22 
35 8 10 13 15 18 20 23 
35 8 40 13 45 18 20 23 
35 8 44 13 16 18 24 24 
35 8 44 13 16 19 24 24 
35 8 44 14 16 19 22 25 
36 8 44 14 47 20 22 25 
36 9 44 14 17 20 23 26 
36 9 12 15 18 21 24 26 
36 9 12 15 48 24 24 27 
36 9 12 15 18 21 25 28 
36 9 13 16 19 992, 25 28 
3 6 10 13 16 19 29 26 29 
3 7 10 13 16 20 23 26 30 
3 7 10 13 47 20 24 27 30 
3 7 10 14 17 24 24 28 34 
47 14 14 18 24 95 28 32 
47 44 14 18 22 25 29 32 
47M 15 18 22 26 30 33 
48 14 15 19 23 26 30 34 
48 12 15 19 23 27 31 35 
48 12 16 20 24 98 32 36 
48 12 16 20 24 28 32 36 
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Antilogarithms 
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Table 58 (continued) 


Proportional parts of the mean values of differences 


mcomecmomo Ammon VWI OOOO Goro ON Ot ON OF OT a 


i 2 3 


4 


i) 


6 


7 
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Antilogarithms 


a 


log 


39 8141 
40 738 
41 687 
42 658 
43 652 


44 668 
45 709 
46 774 
47 863 
48 978 


00 119 
o1 286 
02 484 
03 703 
04 954 


06 234 
07 544 
08 884 
60 256 
61 659 


63 096 
64 565 
66 069 
67 608 
69 183 


70 795 
72 444 
74 131 
75 858 
77 625 


79 433 
81 283 
83 176 
85 114 
87 096 


89 125 
91 204 
93 329 
95 499 
97 724 


39 994 
4() 926 
41 879 
42 859 
43 853 


44 875 
45 920 
46 989 
48 084 
49 204 


90 350 
51 523 
92 72:3 
53 951 
do 208 


96 494 
o7 810 
09 156 
60 534 
61 944 


63 387 
64 863 
66 374 
67 920 
69 503 


71 124 
72 778 
74 473 
76 208 
77 983 


79 799 
81 658 
§3 560 
85 507 
87 498 


59 536 
91 622 
93 756 
95 940 
98 175 


40 179 
44 119 
42.073 
43 093 
44 055 


45 082 
46 132 
47 206 
48 306 
49 431 


90 582 
o1 764 
o2 966 
54 200 
59 463 


96 754 
08 076 
99 429 
60 814 
62 230 


63 680 
65 163 
66 681 
68 234 
69 823 


71 450 
73 114 
74 817 
76 560 
78 343 


80 168 
82 035 
83 946 
85 904 
87 902 


89 950 
92 045 
94 189 
96 383 
98 628 


40 272 
41 210 
42 170 
43 192 
44 157 


45 186 
46 238 
47 315 
48 417 
49 545 


00 699 
51 880 
03 088 
04 325 
50 590 


56 855 
58 210 
59 566 
60 954 
62 373 


63 826 
65 313 
66 834 
68 394 
69 984 


71 614 
73 282 
74 989 
76 736 
78 524 


80 353 
82 224 
84 140 
86 099 
88 105 


90 157 
92 207 
94 406 
96 605 
98 855 
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Table 58 (continued) 


Proportional parts of the mcan values of differences 


{ 2 3 4 5 6 | 7 8 9 


Appendices 


Examples of Using Some Tables 


Table 7 


Analytical and Stoichiometric Multipliers (Factors) 


The table is intended above all for calculations connected with 
analytical determinations by gravimetric methods. 

When the content of a component is being determined in some 
material, two cases are possible. 

1. The unknown component is weighed in the form in which it ts 
desirable to express its content in the substance being analysed; for exam- 
ple, in determining the Cu content in bronze, copper is separated by 
electrolysis and weighed as such, and in another case, SiO, from the 
mineral is weighed in the form of SiO,, whose form usually expresses 
the Si content of minerals in rocks. In these’cases, the percentage of 
the unknown component is calculated by the simple formula 


pa 2X 100 % 


where a = mass of the separated component; 
g = weighed portion of a substance taken for analysis (a and 
g are expressed in the same mass units). 
For calculation, two logarithms must be found without using Table 7. 

2. The unknown component is weighed in a form that is different 
from the one in which it is desirable to express the result of the analysis; 
for example, the determination of P is completed by weighing a calcin- 
ed precipitate of Mg,P.0, or, in determining Si in eel the analysis 
is rompleted likewise by weighing SiO,, as in the case of analysing 
the mineral, but the result must be expressed in the percentage of the 
element (Si). Sometimes, the weighed substance does not contain 
the element being determined. Thus, in determining N in ammonium 
salt, ammonium is occasionally precipitated in the form of 
(NH,),PtCl, which is then calcined; Pt obtained is weighed. The 
se Sa Pt is used to calculate the percentage of N in the salt being 
analysed. 

In all these cases it is obviously necessary to calculate the amount 
of the unknown component to which the found mass of the weighed 
substance (a) corresponds. Therefore, in determining Si, mass a must 
be divided by the molecular weight of SiO, and multiplied by the 
asi. sais 
Si0, ; in determining P, the found mass a 
must be divided by the molecular weight of Mg,P,O7 and multiplied 
by the double atomic weight of P (since the Mg,P,0, molecule con- 


atomic weight of Si, i.e., 
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tains 2P), i.e., mae - in determining N, the found mass a must 
{goP.07 


be divided by the atomic weight of Pt and multiplied by the double 

atomic weight of N, i.e., x , since in the (NH,4),PtCl, compound, 

two atoms of N combine with one atom of Pt. All the values of these 
i 2P 


fracti Si Ps AN ; ; 
tions, i.o., SiO,’ Mg,P.0, ’ Pt’ etc., eon | their decane 
are eae in Table 7, where they are called multipliers and designated 
by the letter f (they are also called factors, conversion factors, chemical 
multipliers). Thus, the content of the component being determined 
‘In the weighed substance will be af, and its percentage in the material 
being analysed will be: 


af x 100 ,, 
t= 

Thus, the calculation is performed by finding three logarithms 
(one from Table 7, and two from the common logarithm table), adding 
two of them and subtracting the third one. 


sh in one column, it is neces ay 
Plement to unity by logarithm. 
in adding threo Tnantissas: log z = log a + log f + (1 — log g). The 
characteristics and the whole number 2 (log 100 = 2) are not taken 
into account. When the operation 1s completed and the number z 
is found by its logarithm, it is easy to find the proper place of the 
decimal point in it, since it is always known whether the material 
eing analysed contains, say, 8.3 or 83 or 0.83 per cent of the compo- 
nent being determined. 
To find the complement of log g to unity, the last figure of the 
Mmuntissa is subtracted from 10, and the remaining figures are sub- 
tracted from 9; for example, if the mantissa of log g is 34 906, its 


complement to unity is 60 094. 


Examples of Calculating the Results of Gravimetric, 
Analytical Determinations 

Example 1. To determine Cu in brass, a portion of a shaving g 
weighing 1.1238 g is taken. The mass of a pure platinum electrode 
is 12.4826 g; the mass of the same electrode coated with deposited Cu 
is 13.2965 g@ after drying. Find the percentage of Cu in the alloy. 


The mass of deposited Cu a = 13.2965 g — 12.4826 g = 0.8139 g. 
“0.8139 x 100 
The unknown percentage of Cu is 7 = —~j753g-—— %. We find 


the logarithms in Table 58 (p. 448) and write down the mantissas 
without the characteristics: 
91 057 
~ 05 069 


log bs se 85 988; t= 12.42% 
It is easy to see from the calculating formula that the final result 
will have two digits before the decimal point. In working out this 
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example, we did not have to use the multipliors of Table 7, since the 
component of brass (Cu) being determined was weighed in the form 
of metal. 

Ezample 2. To determine Mg in limestone, a portion weighing 
1.2456 g is taken. After SiO,, Fe, Al and Ca are separated, Mg is 
precipitated in the form of MgNH,PO, which by calcination is con- 
verted to Mg.P,0.; the mass of the calcined precipitate a = 9.0551 g. 
Find the percentage of magnesium in the limestone. 

We find in the common logarithm table: log g = log 1.2456 = 
= 09 540; log a = log 0.0551 = 74 115. As in the preceding example, 
we find only the mantissas. 

In Table 7 we find Mg in the first column, My,P.,07 in the next 
column, and then on the same line the value of multiplier f equal 
to 0.2184, and log / equal to 33 930. Now we add: 


log a = 74115 


log f = 33 930 
1 — log g = 90 460 
log x = 98 005 


The Mg content is 0.966 or 0.97%. 

Since in the mass of the calcined precipitate weighing 0.0551 g, 
the maximum absolute error is +0.0002 g (an inaccuracy of ordinary 
weighings on an analytical balance), whieh is 0.4% of the relative 
error, the same maximum relative error will bo also in the final result 
(rule 4, p. 11), i.e., the answer will be 0.966 + 0.004%. We see that 
the answer must not have more than three figures after the decimal 
point, since the third figure is already dubious. Ilowever, considering 
that during the analysis there may be other sources of errors besides 
the inaccuracy in weighing, it is expedient to round the result obtained 
to 0.97%. 


Table 14 


Calculation of the Results of Volumetric-Analytical 
Determinations 


In finding the results of volumetric-analytical determinations, 
unnecessary and intricate calculations are often performed. For 
example, in calculating the amount of Fe titrated with the KMnQ, 
solution, the amount of KMnO, that has reacted is calculated at 
first, and then the stoichiometri:; ratio (1 mole of KMnO,: 5 moles 
of Fe*+) is used to determine the Ie content. This is an intricate way 
of calculation, and therefore it is unacceptable. ‘lo simplify similar 
calculations the concentrations of solutions are expressed in normali- 
ties. 

The normality or the normal concentration of a solution is the 
number of gram-equivalents of a solute in one litre of the solution 
or the number of milligram equivalents in one millilitre of the solution. 

Chemical equivalent is a term applied to the active part of an atom 
or a molecule which: 
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(a) in neutralization reactions corresponds to one hydrogen ion H+ 
or one hydroxyl ion OH~- that forms water. 

For example, in the reaction H,PO, + 2NaOH = Na,HPO, + 
+ 2H.0O, two ions of H+ and two ions of OH- form two molecules 
of H,O. It follows that there are 1/2 molecule of HzPO, and one mole- 
cul 2NaOH 

°\ 3 
are their equivalents; 

(b) in oxidation-reduction reactions corresponds to one electron 
that a molecule or an ion of a substance accepts or gives off in a given 
reaction. ; : . : 

For example, K MnO, reacts as an oxidizing agent in an acid medium 
according to the equation: 

MnO; + 8H* + 5e > Mn** + 4H,0 

It follows that there is 1/5MnOj or 1/5K MnO, per electron, which 
are equivalents. Oxalic acid H,C,O, reacts as a reducing agent accord- 
Ing to the equation 


of caustic soda per one ion of H+ or OH-. These values 


C,03- — 2e -> 2CO, 


it follows that there is 1/2C,037, oF 1/211sC20e, or 1/2H4Ca0¢-2H0 
Per one electron; these values are the equivalents, 

_ (ce) in precipitation and complexing reactions corresponds to one 
10n of a univalent metal, 1/2 ion of a bivalent metal, and SO forth, 
that form a precipitate or a complex compound. Thus, in titrating 
Cyanide with silver salt according to Mohr: 


Agt 4+. CN- = AgCN or AgNO,-+ KCN = AgCN + KNOs 


the equivalent of KCN is equal to one molecule, and in titrating 
® same cyanide according to Deniges: 
Agt + 2CN- = Ag(CN)s or AgNO; -+ 2KCN = KAg(CN),:+KNO, 


the equivalent of KCN is equal to two molecules. ; 

From the above-examples, wo see that the chemical equivalent of 
@ substance is not a constant number, but depends on the reaction in 
Which the substance participates. 

Gram-equivalent (or milligram-equivalent) weight of an element 
Or compound is its equivalent weight expressed in grams (or milli- 
grams). 

If le concentration (titre) of a titrating solution (sometimes 
called a standard solution) is expressed by its normality N., and £, 
Is its equivalent weight, every millilitre of the solution will contain 
NE, mg of the titrating substance. Nlaving used V ml of the solution 
in the titration, we introduced VV,£, mg of the titrating substance 
into the reaction. Since a reaction occurs always between the quanti- 
ties of the substances proportional to their equivalents, the quantity 
of the titrated substance (being determined) will be VV ,£, mg, where 
E, is the equivalent weight of the substance being determined. It 
follows that for calculations, it is necessary to know only the normal- 
ity of the titrating solution N, and the equivalent weight £,. of the 
substance being determined. The latter can be found in Table 14. 
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The percentage (z) of the substance being determined in the weighed 
portion (g) is calculated by the formula: 
_ VNsEx X 100 ,, VNSE. 
ag a OF g’- 10 


where g is expressed in mg, and g’ in grams. 


A. Determination of the Normality of a Titrant 
(Finding of the Titre) 


In establishing the normality of a solution, a certain amount of 
a starting substance g, is weighed. The weighed portion is dissolved 
and the solution obtained is titrated with the solution whose normality 
(NV..) is to be determined. Suppose V ml is used in titration. Then 
VNxE, = g, and 


Bs 
Nig VE, 
where £, is the equivalent weight of the starting substance which 
can be found in Table 14; the value of g, is expressed in mg. 

The weighed portion of the substance is dissolved in a suitable 
solvent (usually water) in a volumetric flask, diluted with it to volume 
(VY, ml), and a certain volume (V, ml) is taken for the titration with 
a pipette. In this case 


ec £aVe 
a V VE, 


Ezample 1. A portion of pure sodium oxalate Na,C,O, dried at 
105-110 °C weighing 0.2712 g is dissolved in water. On adding H,SO,, 
the solution is titrated with 39.88 ml of the KMnO, solution. Calculate 
the normality of the latter. 

In Table 14, we find: 


ENasCe04 — 67 000; log Ey = 82 607 
log g, = log 271.2 = 43 329 

1 — log V = 1 — log 39.88 = 39 924 

1 — log E, = 1 — log 67 000 = 17 393 


log N,. = 00 646; V, = 0.1015 


If the normality of a solution (V,) is determined according to 
another solution of known normality (N,), then V, ml of the former 
is titrated with the latter. Suppose V, ml of the latter solution is 
used in the titration. Then 


VN, = VoN>o 
Ve 
Ny=Na 


Example 2. The normality of the NaOH solution (,) is established 
according to 0.09854N HCI solution. For the titration of 20.00 ml of 
the former, 21.12 ml of the latter are used. Calculate the normality 
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of the NaOH solution 


Ny, — 009854 x 21.12 
— 20.00 


log 0.09854 = 99 362 
log 21.12 = 32 469 
1 — log 20.00 = 69 897 


In practice, the concentration of the titrant (7,,,, titre of the 


solution according to the substance being determined) is very 
often expressed in the amount (in mg or g) of the substance being 
determined that titrates 1 ml of the 7, solution. Knowing the normal- 
ity of the solution, it is easy to find its titre by the following formula 
relative to any substance being determined: T sj¢ = NE, (Ey, can 


be found in Table 14). For example, the titre of 0.4023NV KMnO, 
solution relative to iron is Tyn0z/Fe = N Ere = 0.1023 X 


xX 55.847 mg/ml; its titre relative to iron oxide is Ty,0- /Feg0s = 
q/FeaOs 
= N,Epe,0, = 90-1023 X 79.846, etc. The percentage of the substance 
being determined is 
pa VNoB 2 X100_ VT ste X 100 g, 
8 g 
where g and 7, are expressed in the same units. 


If a titre of a solution relative to a substance is known and if it is 
necessary to find its normality or titre relative to another substance, 
the following formulas can be used: 


Aes Bee Oi Ln 
Eq Ey £,, 
hence 
Ta eh —N po Ff NE 
Ty=T = Bo= En= oe} ee n~ n 


Example 3. The titre of the KMnO, solution relative to Fe is 
1.005483 g/ml. Find the normality of this solution and its titre relative 
9 Cr, 


T 
Na MnOg/Fe 


Fy? 108 Tyno-/ro= log 0.005483 = 73 902 


1— log Ey = 1— log 55.847 = 25 300 
N =0.09818 


) ree 5 

TMno=/Cr = MnO;/Fe Cr . 
9 

30— 1845 Fe 
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4—log Eye = 1—log 55.85 = 25 300 
log Ecr = log 17.332 = 23 885 
yno- pcr = 0-001702 ¢ 


B. Determination of the Percentage of the Unknown 
Component in a Test 


Example 1. To determine the Na,CO, content in a soda melt, a por- 
tion of it weighing 1.:00 g is dissolved in water and the solution 
obtained is titrated with 0.5012N H,SO, solution in the presence of 
a eka ae blue indicator. What is the percentage of Na,COg if 
35.00 ml of the acid are used in the titration? 

Using Table 14 (see A, Acid-Base Titration), we find that Eyag.co3 
with a bromophenol blue indicator, is 52.995, log E = 72 423. 

log V = log 35.00 = 54 407 

log N, = log 0.5012 = 70 001 

log E, = log 52.995 = 72 423 

1 — log g = 1 — log 1.100 = 95 8614 


log z = 92 692; z = 84.51% 


Ezample 2. Using the same data as in Example 1, find the percenta- 
ge of CO, in the soda melt. 

The solution remains the same, but instead of ENasco3 W® find 
Eco. = 22.005; log E = 34252 in Table 14. 


Summing up: 


log V = 54 407 

log VV, = 69 897 
log FE, = 34 252 

1 — log g = 95 861 


log « = 54 417; x = 35.01% 


Example 3. Calculate the percentage of Fe in a sample of iron ore 
if on dissolving a portion of the ore weighing 0.7872 g and Reuuelig 
Fe by metallic Zn, 47.24 ml of 0.1105 KMn0O, solution were use 
in titration. 

From Table 14 (see B, Ozidation-Reduction Methods) we have: 
Liye = 55.85; log E = 74702. Addition gives 

log V = log 47.24 = 67 431 

log NV, = log 0.1105 = 04 336 

log E,, = log 55.847 = 74 700 

1 — log g = 1 — log 0.7872 = 10 3914 


log x = 56 858; x = 37.03% 
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Example 4. To determine Mn in steel by the bismuthate method, 
4 portion weighing 1.1452 g is dissolved in HNOg. In the solution 
obtained, Mn is oxidized with sodium bismuthate NaBiO, to HMn0,. 
The latter is determined by the addition of 40.00 ml of 0.02842 
solution of Mohr’s salt and a back ¢itration with 13.50 ml of 0.03012NV 
KMn0, solution. Find the percentage of Mn in the solution. 

Since the product VN gives the number of mg-equiv of any sub- 
rea it is expedient to perform the calculation by the following 
ormula: 


ee (VaNo— VoNo) E.-100 0/ 
os - 70 
where V, and N, = volume and normality of the solution of Mohr’s 
salt, respectively 
and V, and N, = volume and normality of the KMnO, solution. 
In Table 14 we find that in determining manganesa by the bismu- 
thate method, E, = Eypy = 10.9876; log £, = 04090. 
We have: 


ViNq = 40.00 x 0.02842 = 1.1368 mg-equiv 
VN, = 13.50 X 0.03012 = 0.4066 mg-equiv 
VaNq — Vy, = 1.1368 — 0.4066 = 0.7302 mg-equiv 


log 0.7302 = 86 344 

log Ey, = 04 090 

4 — log 1.1452 = 94 110 
log z = 84 544; r= 0.70% 


Ezample 5. How much of the KMnO solution of the same concen- 
tration would be used in the titration of a portion weighing 1.1452 g 
of the same steel (see Example 4) if Mu was determined not by the 


bismuthate method, but by: Volhard’s method? 


met VN,E.- 100 
i 
Hore g is the weighed portion expressed in milligrams. 


In Table 14, we find that, when Mn is determined by Volhard’s 
method, Ey, is 16.4814, log E = 21 699. 


_ Vx 0.03042 x 16.4814 x 100 
«445.2 


log 0.70 = 84 51€ 

log 1145.2 = 05 889 

4 — log 0.03012 = 52 419 
1 — log 16.4814 = 78 304 


log V = 20 815; V = 16.15 ml 


% 


0.70 X 1143.2 


V = 6.03012 x 16.4814 x 100 


0.70 


30* 
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Table 16 


Calculation of the Results of Gas 
and Gasometric Analyses 


Here are examples of calculations made according to the formulas 
given OD p. 136. 

Example 1. The volume of gas (V), measured over water, is 25.6 ml. 
The temperature of gas t= 22.8°C. Barometer reading P; = 
= 720.4 mm Hg. The temperature of air, measured near the barometer, 
“ = 22.4°C. Bring the volume of- gas to standard conditions. 

First of all, the barometer reading is corrected. 

To bring it to 0°C, we should subtract ¢’/8 mm from it. Then, since 
the gas is collected over water, its pressure in the vessel is less than 
the pressure of the surrounding air by the value of P,; which is the 
water vapour pressure at t = 22.8°C. This value must also be sub- 
tracted from the barometer reading. 

In Table 16, in the “Water” column with t = 22°C we have Pz = 
= 19.8 mm Hg, and with t = 23°C, Pz = 21.1 mm Hg. The dif- 
ference between them is 1.3 mm Hg. We find 0.8 of this difference: 
0.8 X 1.3 = 1.0 mm and add it to 19.8 mm Hg. It follows that Pp, 
at 22.8°C is 19.8+ 1.0 = 20.8 mm Hg. 

Hence, 


Py= 720,4— "2-8 — 20.8 = 696.8 mm Hg 


The unknown volume of gas Vp = VF. To find log F, we use 
section A. 


We have: 

t, °C Py = 696 mm Hg Py, = 696.8 mm Hg Py) = 697 mm Hg 
22 92 807 92 857 92 870 

22.8 ~— 92 739 — 

23 92 660 


The difference between 92 807 and 92 870 is 63. In the table of 
differences, we find 0.8 of this number and add it to 92 807, we obtain 
92 857. The difference between 92 807 and 92 660 is 147. In the table 
of differences, we find 148, which is the nearest number to it and of 
which 0.8 is 118.5, subtracting this number from 92 857 we get approxi- 
mately 92 739. 


log V = 40 824 
log F = 92 739 


log Vo = 33 563; Vp) = 21.66 ~ 21.7 ml 


It should be noted that in most analytical cases there is no need 
to make a correction for decimal fractions of a millimetre of pressure 
and decimal fractions of a degree of temperature: rounding the respec- 
tive figures, we obtain results of sufficient accuracy. Thus, if we take 
Py, = 21.1 mm Hg, the value corresponding to 23 °C, we would obtain 
P,) = 696.5 =~ 697 mm Hg. From Table 16,A, for ¢ = 23°C and 
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P, = 697 mm Hg we would have log F = 92 723, and finally Vo = 
= 21.65 ml, which differs little from the preceding result. 
Ezample 2. What is the weight of 43.7 ml of NO, measured over 
28.6% KOH solution at 17 °C and a barometer reading of 757 mm Hg? 
Suppose the temperature of mercury in the barometer is also 17 oC 


Py= 757 —10.2 ~ 745 mm Hg 
The value of 10.2 mm Hg is found in Table 16,B (17 °C, KOH 
28.6%). 
The unknown mass is equal to VFp; we find log F in Table 16,4, 
and logp in Table 16,C: 


log V = log 43.7 = 64 048 
log F = 96 506 
log 9 = log 1.3402 = 12 717 


log x = 73 271; x = 54.0 mg 


Example 3. From 1.200 g of commercial calcium carbide, 395 ml 
of acetylene (C,H.) is obtained at 17.5°C and P,; = 759.3 mm H 
(the pressure is measured at 16 °C). The gas is collected over a saturate 
NaCl solution. Calculate the percentage of CaC, in commercial carbide. 


Po = 155.3 —11.4= 744.9 mm Hg 


The value of 11.4 is found in Table 16,B, interpolating between 
the numbers 11.0 and 11.7. 
The unknown percentage is 


VFf' x 100 , 
tS 


1 
The value of F is found in Table 16,A, and f’ in Table 16,D. 


log V = log 395 = 59 660 

log F = 96 256 

log f’ = log 2.8877 = 46 055 

1 — log g = 1 — log 1200 = 92 082 


log z = 94 053; x = 87.20% 


Example 4. In the reaction of an acid with 0.250 g of zinc dust, 
79.6 ml of Hg, is evolved, the latter being measured over water at 
20°C and a pressure of 742 mm Hg (the temperature of mercury in the 
barometer is also 20°C). Calculate the Zn content in the zinc dust. 

20 


Po= 142 ———17.5= 722 mm Hg 


VFf' -100 
MO 


0 
7 ”% 
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log V = log 79.6 == 90 091 

log F = 94 696 

log f’ = log 2.9145 = 46 456 

1 — log g = 1 — log 250 = 60 206 


log z = 91 449; z == 82.13 = 82.1% 


The final result must not have more than three significant figures, 
since only three significant figures contain the results of weighing 
and volumetric measurement. 

In some instruinents, gas burettes are calibrated in a way that 
they directly read the percentage of the substance being determined 
if the weighed portion is constant (usually 1 § or 0.5 g) and if the gas 
in the burette is at a definite ternperature and pressure. But when the 
temperature and gas pressure do not coincide with those indicated 
on the burette, a corresponding recalculation must be made. 

Ezample 5. In determining C in steel by the combustion method 
in the O, current, the volume of CO, formed is measured with a gas 
burette of the Wirtz-Strélein instrument showing the percentage 
of C when the weighed portion of steel is 1000 g and when the tem- 
perature and gas pressure in the burette are 16°C and 760 mm Hg. 
A portion of steel weighing 1000 g is taken; the temperature and gas 
pressure are 20°C and 740 mm Hg. The burette reading is 0.52% C. 

What is the real content of C in steel? In Table 16A, we find 
log F760,16 ¢ = 97 522; log Fagg 99 o¢ = 95 766. The first logarithm 
must be subtracted from the logarithm of the percentage of C found, 
and the second logarithm must be added to it: 


log 0.52 = 741 600 
1 — 97 522 = 02 478 
95 768 


log z = 69 844; xz = 0.49% 


The difference in the values of vapour pressure over the concen- 
trated alkaline solution at different temperatures is neglected here. 
If the temperature of the measured gas deviates from 16°C only by 
several degrees, the error arising from this is not over 0.01%. 


Table 18 
Densities and Concentrations of Solutions 


In literature dealing with analytical chemistry, concentrations 
of acids and bases are expressed in different ways: (4) in terms of 
density (for example: “5 ml of hydrochloric acid with a density of 4.19 
is added”); (2) in terms of the dilution of concentrated commercial 
acids [for example: “10 ml of diluted (4 : 9) sulphuric acid is added 
to the solution”, which means that one volume of concentrated com- 
mercial sulphuric acid is diluted with nine volumes of water]; (3) in 
terms of the percentage of the reagent (for example: “2 ml of 25% 
saan solution”) and, finally, (4) in terms of the normality of the 
solution. 
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An analyst has therefore to convert the concentrations in calcula- 
ting reagents used in the reaction on the basis of the solutions whose 
concentrations are expressed in different ways, and so forth. The 
conversion tables serve the purpose. It is the easiest to perform stoi- 
chiometric calculations if the concentrations of reagents are expressed 
in their normalities. Therefore, the tables give the normal concentra- 
tions of acid and base solutions. 

Here are a few examples concerning calculations with these tables. 

Example 1. In analysing tin bronze, nitric acid with a density 
of 1.2 g/cm? is used to dissolve it. How can tho acid be prepared from 
concentrated commercial nitric acid with a density of 1.4 g/cm 
without the aid of an areometer? The normality of nitric acid with 
a density of 1.200 is 6.273N (Table 18,A); it follows that one litre 
of it must contain 6.273 g-equiv. The normality of concentrated nitric 
acid with a density of 1.400 is 14.884; one litre of it contains 
14.88 g-equiv. The required quantity (6.273) of gram-equivalents 
of HNO, is contained in pies x 1000 = 421.6 ml of concentrated 
Nitric acid. Measuring out this volume and diluting it with water 
to one litre, we obtain nitric acid whose density is 1.2. 

Ezample 2. In the course of an analysis, 5 ml of diluted (1 : 4) 

NO, are added to a neutral solution and then neutralize with 
4mmonia. How many millilitres of concentrated (25%) ammonia 


Soluti ‘n the neutralization reaction 
Hee uae : 4) nitric acid” implies that one volume 


© normality of concentrated 29% ammoni 9 98 


(Table 18,1). It follows that, to neutralize nitric acid, —3-35—-= 
ammonia solution will be used. | 
weighing 1 g is melted in a platinum 
crucible with six times as much anhydrous NagCOx,. The melt is 
eached with water and oxidized with diluted (1 : 1) hydrochloric 
acid. How many millilitres of this acid must be added to completely 
neutralize Na,CO, without the acid being too excessive? 


= 1.12 ml of concentrated 
Example 3. A portion of rock 


; 6 6 ee 
6g of Na,COQO3 contain T/iNa,CO3 52.9945 g-equiv 


or 


6000 
52.9945 


For neutralization, it is necessary to add the same quantity of 
milligram-equivalents of HCl. The normality of concentrated hydro- 
chloric acid with a density of 1.190 is 12.504, and that of diluted 
(4 : 1) acid is consequently 6.25, i.e., 1 ml of the latter contains 


= 413.23 mg-equiv 
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6.25 mg-equiv of HC]. It follows that Na,CO, is neutralized by we = 


— 18.42 ml of diluted (1 : 1) hydrochloric acid. If 20 ml of the acid 
are added, it would not be too excessive. 

These examples show how much easier it is to perform calculations 
when concentrations of acids and bases are expressed in their normali- 
ties. Table 18 helps convert differently expressed concentrations. 
The reliability of the table is so great that its data can be used when 
preparing titrants of acids and alkalies according to density. The 
titre of the prepared solution must nevertheless be checked by 
a weighed portion of a parent substance. Here is an example of calcula- 
tion when a titrating solution is being prepared. 

Example 4. To prepare 1N HCl titrant, an acid available in the 
laboratory is taken, its density determined with an areometer is 
equal to 1.082 g/cm?. 

From Table 18,C we have: the acid with a density of 1.080 g/cm® 
has a concentration of 4.878N and that with a density of 1.085 g/cm', 
5.192N. By interpolation, we obtain the following normality for a den- 
sity of 1.082: 


4.818-+ (5.192— 4.878) = 4.878-+-< x 0.314=5.004 


It follows that one volume of the available acid must be diluted 
to 5.004 of the volume. For this purpose, we can measure out, for 
example, 200 ml of the acid with a density of 1.082, pour it into 
a one-litre volumetric flask, dilute it with water up to the volume 
and add another 0.8 ml of water (1 : 5.004 = 200 : 1000.8). 


Table 19 
Chief Acid-Base Indicators 


For volumetric-analytical titrations (acidimetry-alkalimetry me 
thods), it is necessary to select indicators that change colour in the 
pH range as little as possible. Such indicators as azolitmin, which 
changes colour at pH values from 5.0 to 8.0, are not suitable at all 
for titration. Of little use are also indicators whose colours of both 
forms lie in a spectrum too close to one another, for example, indicators 
which change their colour from red to orange, from orange or orange- 
red to yellow, from blue-violet to blu., and so forth. In recent years, 
indicators which sharply change their colours to spectrally opposite 
ones in very narrow pH limits have been synthesized; for example, 
nitrazine yellow, which changes its colour from yellow to blue-violet 
within pH 6.0-7.0, or quinoline blue, which is colourless at pH 7.0 
and violet at pH 8.0. 

The main rule in selecting an indicator for volumetric-analytical 
determinations is that the titration index pT of an indicator must be 
as close as possible to the pH of the solution at the end of titration, i.e., 
when the equivalence point is reached. The titration index pT is the pH 
at which the observer can clearly see the colour change and recognize 
titration as complete. This is a conditional value which differs for 
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different persons who perform titration. If the eye could easily detect 
the slightest change in colour, the pT would obviously coincide with 
the equivalence point. But since titration is usually completed at 
Visible colour change, it can be assumed that, with dichromatic 
indicators, the pT is approximately at one-quarter of an interval from 
its corresponding limit.* With monochromatic indicators (phenol- 
phthalein, nitrophenols), the pT almost coincides with the beginning 
of the appearance of colour, provided that the indicator is used in the 
dilution at which its colour change was determined. 

For analyses of great accuracy, it is always necessary to separately 
prepare a buffer solution with a pH which coincides with the pH 
of the equivalence point and add the indicator to it, and then titrate 
the solution being analysed until its colour coincides with the colour 
of the prepared reference solution. 

When a weak acid is titrated with caustic soda, at the end of the 
titration a solution of sodium salt of the acid is formed which, as 
a result of the hydrolysis of the salt, has an alkaline reaction. Knowing 
the ionization constant of the acid, the pH of the solution formed can 
be determined and, in accordance with this pH, a suitable indicator 
can be selected. This is also true of acid titration of a weak base so]1- 
tion, when a salt is formed which has an acid reaction in the solution 
as a result of hydrolysis. _ 

In hydrochloric acid titration of a salt solution of an alkali metal 
and weak acid (for example, Na,CQO,), the solution will contain, at 
the end of the titration, neutral chloride of the alkali metal and free 
weak acid, consequently having an acid reaction. Knowing the ioniza- 
tion constant of this acid, we can calculate the pli of its diluted 
solution obtained at the ond of titration and select a suitable indicator. 

When a strong acid is titrated with a strong alkali solution (or 
vice versa), a solution of neutral non-hydrolyzing salt with the pi 
of about 7 is obtained. But there is no necd to use an indicator which 
changes its colour at pil closo to 7, since the smallest drop of the 
titrant sharply displaces the pl! to an acid (in acid titration) or an 
alkaline region (in alkali titration). In such titrations, any indicator 
can be used; nevertheless, when titration is performed with a greatly 
diluted solution of acid or alkali (for example, 0.014) whose drop 
contains a very small amount of the titrant, the indicators showing 
colour change in the pH range of 5 to 9 should be used. 


Table 21 
Colorimetric Determination of the pH of Solutions 


For the colorimetric determination of the pH of solutions, indicators 
which change colour within a small pH range are of little use. Most 
useful are dichromatic indicators which, within a sufficiently large 

H range, show noticoable changes in shades when the pH changes 
ie 0.1-0.2. Use is also made of monochromatic indicators whose 
colour becomes, as the pH changes, more or less intense while retaining 


* Some analysts believe that the pT is in the middle of the interval of the 
indicator colour change. 
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shade. In both cases, the colour is determined that the indicator assum- 
es in the test solution and in a set of standard buffer solutions having 
different pH values preliminarily found by the electrometric method. 
The pH of the test solution is equal to the pH of the buffer solution 
whose colour is the closest to that of the test solution. 

In the colorimetric determination of the pH, account must be 
taken of the following possible sources of errors which should also be 
considered when selecting an indicator. 

(a) Influence of foreign salts. Let us denote the ionization constant 

a 


of an indicator as King. Then, Aing= -, where a, is the 
e . s ° ° HI 

activity of the indicator anions formed as a result of dissociation, 

@y;; is the activity of its undissociated part. In the example, the 

indicator is a weak acid, and if the indicator is a base, further reason- 

ings do not change in the main. Having replaced the activities by the 

products of concentrations and activity coefficients, we obtain: 


LHI} fo n+ 
(I-] fs King 
where fo is the activity coefficient of the coloured or colourless undis- 


sociated part of the indicator; f, is the activity coefficient of the 


ures anion; the corresponding cuncentrations are in square bra- 
ckets. 


The colour of the solution depends on the ratio LHI , and therefore 


the solutions having the same ratio will have the same colour. But 
will the solutions having the same ratio [HI] have the same pH? 
Let us present the above expression in the following form: 


[HI] Qrsehs 
[I-] Kinafo 


If the solutions have different ionic strength, the values of f, will 
also differ (and, to a very small extent, those of fo, Which can be 
neglected). With increasing ionic strength of a solution, the activity 
coefficients of ions decrease and, consequently, so does f,. When the 
faa of the solution docs not change, i.e., it has the same ratio 
TF]? the value of a,;, must accordingly be greater: the solution will 


yield the same colour with the indicator, being more acidic. Con- 
versely, with decreasing ionic strength, f, increases, and a,;, must 


accordingly be less when the solution has the same colour. The pH 
value of buffer solutions is determined electrometrically usually 
at the ionic strength of 0.1. If the ionic strength of a solution being 
analysed is greater than 0.1 (owing to the presence of a large amount 
of salts), the solution will have the colour which corresponds to that 
of the buffer solution with higher hydrogen-ion concentration (lower 
pH). Consequently, it is necessary to make a correction which has 
a negative value in this case. If the ionic strength of a solution being 
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analysed is less than 0.4 (the solution contains a small amount of 
salts), then with the same colour that the indicator has in the buffer 
solution, the solution will be less acidic (higher pl) and the correc- 
tion will have a positive sign. This correction is called salt correction. 
It should be noted that this correction depends not only on the ionic 
strength of a solution, but also on individual properties of tho indicator 
and the nature of ions that are present. If use is made of the indicators 
whose acidic form is a single-charge anion and whose alkaline form 
is a double-charge anion (phenolphthalein, sulphophthaleins), the 
correction will be greater than when use is made of the indicators 
whose acidic form is an undissociated molecule and its alkaline form 
is a single-charge anion (mononitrophenols). Dimethylaminoazobenze- 
ne-sulphonic acid (methyl orange) and dimethylaminoazobenzene-o- 
carboxylic acid (methyl red) cause a very small salt error owing to 
their amphoteric nature, and therefore they are mainly used in deter- 
mining ihe pH of solutions having a variable content of salts. If the 
ionic strength of a solution is greater than 0.1, the correction value 
is considerably influenced by the nature of salt ions (the size of ion 
radii) in a solution. : ; 

(b) Influence of the buffer capacity of a solution. Indicators used 
to determine the pH of solutions are themselves acids or bases, and 
if the solution being analysed has low buffer capacity (distilled water, 
solutions of neutral salts in distilled water, solutions of very weak 
acids or bases, etc.), the indicator can sharply cuanee its pH. If, for 
example, 0.1 ml of 0.04% methyl red solution is added to 10 ml of 
distilled water (pH 7), then even this small quantity of the indicator 
(King = 1 X 10-5) will change the pH of the water from 7.0 to 5.0. 

In determining the pH of such low buffer capacity solutions, their 
pH will not change if we add to the solution being analysed the indica- 
tor solution having the same pH. According to Fausette and Acri,* 
such solutions of indicators are called isohydric. It has been proved 
that the pH of a solution of low buffer capacity does not change even 
if any amount of an isohydric solution of an indicator is added to it. 
This underlies the method of determining the pH of such solutions. 
A set of solutions of an indicator having different pI1 values is pre- 
pared and the solution being analysed is added to every one of them. 
The indicator solution that does not change its colour is isohydric 
relative to the solution being analysed. 

(c) Protein error. A number of proteins greatly affect indicators, 
making the determination of the pII in their presence impossible. 
The influence of proteins is specific and depends on the nature of the 
protein and of the indicator. Therefore, in the presence of proteins, 
the results of the colorimetric determination of the pH cannot be 
relied on, having to be verified by the electrometric method. 

(d) Other sources of errors. In the presence of colloids and sometimes 
of coarser dispersed particles, an indicator can change colour as 
a result of one of its forms (“acidic” or “alkaline”) being sorbed on the 
surface of particles. The ionization constant of an indicator changes 
also at the air-liquid interface. This explains the frequently observed 
phenomenon when, in shaking a solution of an indicator, the colour 


* Ind, Eng. Chem., An. Ed., 2,78 (1930). 
31% 
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of the foam being formed sharply differs from the colour of the solu- 
tion. When the solution contains finely-dispersed particles of another 
phase, the result of the determination of the pH must be verilied by 
using two different indicators (acidic and basic) or comparing them 
with the results of the electrometric determination. 

Indicators sharply change colour at pH constant if a non-aqueous 
solvent—alcohol, acetone, etc.—is added to a solution, and also when 
the temperature changes. 


Table 40 


Standard Oxidizing Potentials Relative to the Potential 
of a Standard Hydrogen Electrode at 25 °C 


If a plate of noble metal is immersed in a solution which contains 
an oxidizing agent and the product of its reduction, there will be 
a difference of potentials between the plate and the solution, which 
is called the oxidizing potential of a given system. 

1. For the system 


oxidizing agent 4- ne = reducing agent 


the oxidizing potential relative to th ntial 
is expressed by the formula e standard hydrogen pote 


. RT a 
[eee BON Se Ox 
- nF In aned 


absolute temperature of a solution, 
n = number of electrons which in the given system make the transi- 


tion from a reducing agent to an oxidizing agent, / = faraday con- 


stant = 96,500 coulombs, aox and apeg = ion activities of oxidizing 


and reducing agents in a solution). Having replaced natural loga- 
rithms with common logarithms and having substituted all values 
of constants in the equation, we obtain for ¢ = 25 °C: 


(where A = gas constant, 7 =- 


E— go 40-0591 log 20x 
n 2Red 


_ If cox = @pea, then E = £°, The standard potential is the poten- 
tial of the electrode immersed in a solution which contains both forms 
(oxidized and reduced) having equal activities. 


2. If an oxidizing agent is reduced with the participation of hydro- 
gen ions 
Ox + mH* + ne = Red + qH,O 
then 


™ 

Ht 

@Red 

In this case, the standard potential is the potential of the electrode 


immersed in a solution containing both forms (oxidized and reduced) 
having equal activities, and also, hydrogen ions whose activity is equal 


aOyx2 


E= 204 In 


io unity. This applies, for example, to such systems as 


MnO; + 8H+t + 5e = Mn** + 4H,O 
or 
VOs + 4H+ + e = VO?+ + 2H,0 
3. When the potential between the metal and the solution of its 
salt is being determined, i.e., of the systems Me”* + ne = Me (for 
example, Zn?+ + 2e = Zn), and the activity of the solid phase is 
taken as unity, then 


RT 
B= b0+— Ina, ne 


In this caso, E = E£°, when ay,;.n+ = 1. Here, the standard poten- 


tial is the potential between the metal and the solution of its salt, 
when the activity of the metal ions equals unity. 

4, When one or the two forms (oxidized and reduced) are sparingly 
soluble solids or complex compounds, the number of ions formed in 
the solution will be very insignificant. Let us take, for example, the 
system 


AgCl + e= Ag-+ Cl- 
For it 


RT 


The value of a,_,, the activity of silver ions in the solution, is 


very small and depends on the solubility product of silver chloride 
Pagc) and on the activity of chloride-ions in the solution: 


4 gt = SP a gci/aci- 


If the activity of chloride ions equals unity, the right-hand part 
of the equation for the potential will assume the form: 


RT : 
EX et, ag po In SPagci =F hear, ag 


The quantity EXecl, Ag is called the standard (“observed”) poten- 


tial of AgCl/Ag system. It can be defined as the potential which is 
ormed in the system containing solids or complex compounds in which 
all ions participating in the process, except elementary ions that are 
separated by precipitates or complexes, have an activity equal to unity. 
_ The aforementioned cquation can be used to calculate the solubil- 
ity products of sparingly soluble substances by the measured values 
of the oxidizing potentials. 

Here is another example of the formation of a complex compound. 
For the system 


Ag(CN)z + e = Ag -+- 2CN- 
We also have 


RT 
E agt, Ag Ei agt, Ag ar iF In @ agt 


ATS 


ili Iex Ag(CN)s 
depends on the stability of the comple Ds 
ace ede) be the dissociation constant A Ag(CN)s 


Sage*n- If the solution being examined contains free ions CN 
7 : 2 a . . . ies 
d pee ions Ag(CN)z in concentrations whereby their activit! 

an 
equal unity, then 


=@ 
B se(CN)a Agt 


and 


o 


RT aa 

Bagt, Agt —p In * A tONys e Ag(CN)S. Ag 

imi sed to find the dissociation constants 0 

i ie te data or Liaircmmenes mya The oe 
gives several such standard (“observed”) potentials of the sys 

containing precipitates and soluble complex compounds, 
; 0. If, in the aforementioned oxidation-reduction s stem, one of 
the forms is a gaseous substance, the actiy; 


3 pressure, and the stand 
electrode can be define ard potential of the gas 


» the ions which are formed when 
o e ’ 
his gas is reduced (or oxidized) hav 
ion 


; 0 © an activity of unity in the solu- 


The equation of the potential FE = Fo 4 af 


activities of oxidized an 


It follows that, when the concentrations of ions of both f 

; ‘once Orms are the 
same, the values of potentials in two solutions can nevertheless differ 
if the salt composition of these solutions and the ionic strength related 
to it are different. The potential of, say, the System Cet+ 4 ¢ 2 (93+ js 


e 
d reduced forms, and not concentrations. 


RT a 
E cess, Ce3+ = Eves, Ce3+ +- F In — = 
Cei+ 
RT (Cea+ f 
— Eves, Ce3+ F in ices} 7 


where f, and f, are the activity coefficients of four- 
Ce ions. As the ionic strength of a solution increases, f, will decrease 
considerably faster than f and, ronsequently, the value of F will 
drop. This must always be horne im mind when using oxidation poten- 
tials in calculations and reasonings Connected with various problems 
of analytical chemistry, where solutions with a high ionic strength 
are usually used. 

The table gives the potentials of various elements having different 
valence; the potentials of the direct transition from the highest valence 


to the lowest one (for example, V¥-V¥), and ecverer potentials ‘of the 
stage-by-stage transition (for example, V‘-v‘*:; Vv He - viliy ) 
These potentials are interconnected by the so-called Luther rule 


and three-charge 
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which states that if an element exists in three degrees of valence m, 
n and p, and m>>n>p, then: 


(m — p) Eon, p= (m—n) ee nt (n— p) En. p 


where Ef, p, Em. n and Ej, , are the standard potentials of transi- 
tions from valence m to valence p, from m to n and from nr to p. For 
example, Fe exists in the form of ions Fe** (valence of 3) and Fe*t 
(valence of 2), and in the form of metal (valence of 0). According to 


Luther's rule 
SEtea | ; 6 = Eves, Fe2+ -- 2B het, re 


A number of potentials which aro vor'y difhieull or even impossille 
to determine experimentally were calculated by Luther's formula. 
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Beryllon II 224, 322, 364 
Bis-4,4’-[6-meth ylbenzothiazol- 
(1,3)J-diazoaminobenzene- 
2,2’-sodium disulphonate 396 
Bismuthol II 330, 380 
Bis-[2,7-(4-nitro-2-sul pho-1-azo- 
benzene) ]-1,8-dioxynaphthale- 
ne-3,6-disulphonic acid 384 
Bis-(4-hydroxy-3-methoxyci nna- 
moyl)-methane 370 
Bis-salicylalethylenediamine 366 
BPR 224 
Brilliant green 322, 330, 366 
Bromatometry, calculation of re- 
sults 125 
Bromobenzothiazo 366 
Bromochlorophenol blue 183 
Bromocresol blue 184, 2041, 216 
Bromocresol green 184, 216 
Bromocresol purple 187, 202 
ionization constant 224 

Bromophenol blue 183, 216 
ionization constant 200 
salt correction 199 

Bromophenol red 1387 

Bromopyrogallol red 224 

Bromothymol bluc 188, 203 

ionization constant 200 
salt correction 199 

Brucine 327, 366 . 

Buffer capacity of solutions 475 

Buffer solutions 253 

acetic-acetate ones 262 

from individual substances 
264 

universal ones 263 
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Butanol 332 

Butter yellow 182 
Butyl acetate 332 
Butyl cellosolve 332 
Butylamine 332 


Cadion 323, 366 
Cadion C 366 
Calcein 226, 232 
Calces 226, 242 
Calcion 226 
Calcon 226 
Calculation 
results of gas and _ gaso- 
metric analyses 468 
results of volumetric-analy- 
tical determination 462 
rules of performance\11 
Calibration of glassware 421 
Calomel electrodes, potentials 272 
Captax 380 
Carbon disulphide 332 
Carbon tetrachloride 332 
Carboxyarsenazo 368 
p-Carboxygallanilide 330, 368 
Carminic acid 322, 368 
Caustic potash, density and con- 
centration of solutions 169 
Caustic soda, density and con- 
centration of solutions 174 
ee calculation of results 


Chalcone 226 

Chelaton 3, 368 

Chlorobenzene 332 

Chloroform 332 

Chlorophenol red 186, 199, 204 

ionization constant 200 

Chromatometry, calculation of re- 
sults 125 

Chrome Black Special ET 00 
228, 230 

Chromoazurol C 228 

ra Black Special ET 00 


a acid 208, 324, 330, 


Chromoxane Green GG 228 
Chromoxane pure blue BLD 360 
Chrysoidine igs 

Chrysoin 196 

Chugaev’s reagent 374 
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Coefficients of ion activity 117, 
420 


Colours corresponding to the spec- 
tral wavelengths 320 

Complexes, instability constants 
283 


Complexing methods, 
tion of results 129 
Complexing reactions 463 
Complexone III 130, 132, 322, 
368 
Concentration of solutions 159, 
470 
Congo red 183, 217 
Constants 
instability of complexes 283 
ionization of acids and bases 
274 
lonization of indicators 200 
Conversion factors for gravi- 
metric analysis 70 
Corallinophthalein 189 
Coraline yellow 189 
Coumarin 212 
o-Cresol indophenol 317 
m-Cresol purple 179, 194 
Cresol red 177, 190, 202 
o-Cresolphthalein 192 
Cresolphthalexone 242 
m-Cresolsulphophthalein 4179 
o-Cresolsulphophthalein 177, 190 
Cupferron 325, 370 
use In extraction 343 
Cuproin 374 
Cupron 364 
Curcumin 192, 195, 322, 370 
Cyanine 190 
Cyclohexane diondioxime-1,2 370 
Cyclohexanol 332 
Cyclohexanone 332 


calcula- 


Davies’ formula 120 
Decahydronaphthalene 332 
Decalin 332 
Density 
gases and vapours 156 
solutions 160, 470 
Diacetyl dioxime 374 
Diallyldithiocarbamidohydrazi- 
ne 370 
Diamine green 243 
3,3’-Diaminobenzidine 329, 372 


Diaminophenothiazine 317 

4,4'-Diaminostilben-(N,N,N‘,N’- 
tetracarboxymethy])-2,2’-disul- 
phonic acid 392 

o-Dianisidine 315 

Diantipyryl methane 372 

4” ,4-Diazoamino-1,1’-azobenzene- 
4”-nitrobenzene arsonic 
acid-2” 362 

Dibenzoyl methane 331 

Dibromine-o-cresol sulphophtha- 
lein 187 

2,6-Dibromobenzene indophenol 
316 


Dibromophenolsulphophthalein 
187 
Dibromothymolsulphophthalein 

188 


3’ ,6’-Dichloro-2,4,5,7-tetrabro- 
mofluorescein 206 

3’ ,6’-Dichloro-2,4,5,7-tetraio- 
dofluorescein 206, 216 

o-Dichlorobenzene 334 ; 

a(t ichlorochromationte acid 
72 

Dichloroethane 334 

3,6-Dichlorofluorescein 217 

Baas indophenol 


piculorophenolsn)phoplarey 
6 


Dichlorosulphodimethyloxyfuch- 
sone dicarboxylic acid 360 

2,3-Dicyanhydroquinone 211 

Diethyl ether 334, 347 

Diisopropyl ether 334 

Dimethyl] fluorone 330, 372 

Dimethyl glyoxime 325, 327, 374 

p-Dimethylaminobenzylidene rbo- 
danine 321, 372 

Pp othylaminopheny! fluorone 


N,N’-Dimethylbiacridine 214 
Dimethylnaphtheirhodine 208 
3,3’-Dimethylnaphthidine 230 
0,6-Dimethyl-1,10-phenanthro- 
line 345 
3,3’-Dinitro-4,4'-bis-(4”-bydro- 
xybenzene-azo)-bipheny! 386 
a-Dinitrophenol (2,4-dinitrophe- 
nol) 189 
ionization constant 200 


B-Dinitrophenol (2,6-dinitrophe- 
nol) 182 
lonization constant 200 
y-Dinitrophenol (2,5-dinitrophe- 
nol) 185 
ionization constant 200 
1,4-Dioxane 334 
1,2-Dioxyanthraquinone 360 
1,2-Dioxyanthraquinone-3-sul- 
phonic acid, sodium salt 360 
2,2-Dioxybenzylidene aniline 390 
1,8-Dioxy-2,7-dichloronaphthale- 
ne-3,6-disulphonic acid 372 
1,8-Dioxynaphthalene-3,6-disul- 
phonic acid, disodium salt 368 
3,6-Dioxyphthalimide 210 
Diphenyl benzidine 316 
Diphenyl carbazide 323, 
374 
x-Diphenyl dioxime 364 
Diphenyl orange 184 
Diphenylamine 316 
Diphenylamine sulphonate 316 
Diphenylcarbazone 217, 230, 
374 
1,5-Diphenylcarbohydrazide 374 
Diphenylthiocarbazone 376 _ 
1 ,4-Diphenyl-(3,5-endoany])-di- 
hydro-1,2,4-triazol 384 
4,7-Diphenyl-1 ,40-phenanthroli- 
ne 364 ; 
1,3-Diphenyl-1,3-propanedione 
334 


324, 


Dipicrylamine 326, 374 

2,2’-Dipyridyl (a,a’-dipyridyl) 
315, 325, 374 

2,2’-Diquinoline 324, 374 

8,8’-Diquinolyldisulphide 376 

3 ,6-Disulphonaphthol-(8-azo- 
7’)-4' ,8’-dioxy-3’ ,6’-disulpho- 
aa aaa tetrasodium salt 
6 


Dithiol 326, 329, 331, 376 

Dithioxamide 390 

Dithizone 230, 321-328, 331, 376 
use for extraction 336 

DMN 230 

Drying 358 


EDTA 130, 368 
Electrode potentials, determina- 
tion 265 
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Electrodes 
calomel 272 
mercury, drop 403 
overvoltage of hydrogen and 
oxygen 442 
quinhydrone 270, 272 
reference 268 
standard, hydrogen 266 
Electron layers of cations 30 
Eosin 207, 218 
Equivalent 462 
Equivalence point 473 
Erio R 226 
Eriochrome Black T 222, 230 
Eriochrome Blue-Black B 230 
Eriochrome  Blue-Black R 
226 
Eriochrome Cyanine R 232, 321, 
322, 376 
Eriochrome Red B 232 
Eriochrome Red RE 226 
Eriochromazurol S 228 
Errors, relative 14 
Erythrosine 207, 218 
Esculin 205 
Ethanol 334 
Ethanolamine 334 
4-Ethoxyacridone 205 
p-Ethoxychrysoidine 3415 
Ethyl acetate 334 
Ethyl-bis-(2,4-dinitrophenyl)-ace- 
tate 194 
Ethyl ether 334 
Ethyl ether, diethylamino-o-car- 
boxyphenylxanthenyl chloride 


390 
Ethylene dichloride 334 
Ethylene glycol 334 
Ethylene glycol mono-n-butyl 
ether 332 
Ethylene 


ether 334 
Ethylenediaminetetraacetic acid 


glycol monomethy] 


7 
Euchrysine 3R 212 
Extraction 336 


Ferroin 315 

Ferron 325 

Flame photometry 445 
Fluorescein 209, 218 
Fluorescein complexone 232 
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Fluorexone 226, 232 
Fuchsin 248 

Furfurol 334 

a-Furfuryl dioxime 327, 376 


Gallion 376 

Gallocyanine 378 

Gas analysis, calculation of re- 

sults 136, 468 

Gases 

bringing the volume to stan- 
dard conditions 138 

density 156 
drying 358 

Gasometric analysis 158 
ae of results 136, 


GBHA 234 

Glycerin 334 

Glycinthymol blue 234 

Glyoxal-bis-(2-oxyanil) 234 

Gold yellow 196 

Gram-equivalent 463 

Gravimetric analysis, conversion 
factors 70, 464 

Gravimetric form 70 

G-salt 214 

GTB 234 


Helianthine B 182 
Hematoxylin 186, 234, 329 
Hemp-like datisca (extract) 378 
Hexane 334 
Hexanitrodiphenylamine 374 
Hexone 334 
HHSNN 226 
Hydrobromic acid 
density and concentration of 
solutions 174 
use for extraction 346 
use aS a reagent 322 
Hydrochloric aci 
density and concentration 
of solutions 164, 174 
ase aS a reagent 322, 325 
use for extraction 346 
Hydrofluoric acid 
density and concentration 
of solutions 174 
Hydrogen exponent, see pH 
Hydrogen, overvoltage on the 
electrode 442 


Hydrogen peroxide 327, 330 
Hydroiodic acid 
density and concentration 
of solutions 174 
use for extraction 346 
Hydrone II 223 
Hydroxocomplexes 273 
o-Hydroxybenzoic acid 390 
2-H ydroxy-3-chloro-5-nitroben- 
zene-(1-az0-2')-1’-hydroxy-8'- 
naphthylamine-3’ ,6’-disulpho- 
nic acid 376 
Hydroxyhydroquinone pink 234 
Hydroxyhydroquinone sulphoph- 
thalein 234 
2-Hydroxy-5-methylazobenzene- 
4'-sulphonic acid 396 
econ er 
04 
2-[2’-Hydroxynaphthalenc-(1”- 
azo-2)-phenylazoxy]-4-methyl- 
phenol 364 
Hydroxyquinoline (o-Hydroxy- 
quinoline) 324, 325-327, 378 
use in extraction 344 
2-H ydroxy-3-sulpho-5-chloroben- 
zene-4-azobarbituric acid 380 
Hygrostats, preparation 359 


Ilyinsky’s reagent 384 

Indicators 
acid-base 176, 472 
adsorption 216 
chemiluminescent 214 
complexonometric 221 
dichromatic 200, 473 
fluorescent 204 
ionization constants 200 
isohydric solutions 4795 
mixed 201 
monochromatic 200 
Oxidation-reduction 314 
salt correction 199 
universal 203 

Indigo carmine 197, 204, 348 

Indigosulphonic acids 348 

lodeosine 485 


lodometry, calculation of results 
5 


-lodo-8-quinolinol-5-sulphonic 
acid 325 


Ion mobility 299 

Ion radii 22 

Ionic product of water 198 

Ionic strength 4117, 120, 
200, 314, 316, 474, 475 

Isoamyl acetate 332 

Isoamyl alcohol 332 

Isopropanol 334 

Isopropyl] ether 334 


199, 


Lacmoid 185 
Lauth’s violet 317 
Linear measures 446 
Liquid measures 446 
Liquids, drying 330 
Logarithms 448 
Lophine 214 
Lucigenin 215 
Luminol 215 
Lumogallion 378 
Lumomagneson 380 
Luther’s rule 478 


Magneson CS 234, 380 
Malachite green 178, 196 
Measures, comparison with met- 
ric measures 446 
Mercaptobenzothiazole 380 
o-Mercapto-3-phenyl-2-thio-4,3- 
4-thiodiazolone (mercaptophe- 
nylthiothiodiazolone) 380 
Cieene yaoduanen ae 324, 327, 
328, 380 
Metallphthalein 236, 242 
Methanol 334 
Methanyl yellow 178 
Methyl cellosolve 334 
1-Methy1-3,4-dimercaptobenzene 
376 
Methyl ethyl ketone 334 
Methyl green 177 
Methyl isobutyl ketone 334 
Methyl orange 182 
ionization constant 200 
salt correction 199 
Methyl red 185, 200, 204 
ionization constant 200 
salt correction 199 
Methyl violet 176, 178, 181, 322, 
Methyl yellow 178, 201 
329, 382 
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Methylaurin 4189 

Methylene blue 201, 202, 317, 322 

Methylthymol blue 236 

B-Methylumbelliferone (4-methy- 
lumbelliferone) 204, 209 

Milligram-equivalent 463 

Mimosa 396 

Molecular weights 314 

Monochlorobenzene 332 

Morin 241, 238, 321, 330, 382 

Mordant yellow 195 

MTB 236 

Murexide 238, 323, 382 


Naphtharsone 396 
Naphthin 382 
Naphthionic acid 243 
B-Naphthol (2-naphthol) 240 
B-Naphthol violet 195 
Naphthol yellow 238 
2-Naphthol-(4-azo-2')-4’-chlo- 
rophenol-6’-sodium sulphona- 
te 380 
a-Naphtholbenzoin 176, 193 
a-Naphtholphthalein 191, 202 
B-Naphthoquinoline 209, 382 
a-Naphthyl red 184 
a-Naphthylamine (1-naphthyla- 
mine) 208, 2413 
B-Naphthylamine (2-naphthy- 
lamine) 207 
1,5-Naphthylaminosulphamide 
205, 212 
Naphthylazoxine 238 
Nessler’s reagent 327 
Neutralization reactions 463 
Neutral red 189, 202, 349 
Nickelon 364 
Nile blue 194 
Nioxime 370 
Nitrazine yellow 188 
Nitric acid 
density and concentration of 
solutions 160, 17 
use for extraction 346 
Nitrobenzene 334 
4”-Nitrobenzene-(1”,4)-diazoami- 
no-(1-azo-1’)-benzene-2”-arso- 
ne-4’-sodium sulphate 392 
Nitrochromoazo 384 
Nitroferroin 314 
Nitron 384 
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-Nitrophenol 190 
sasha re constant 200 
o-Nitrophenol 187 
p-Nitrophenol 188 

ionization constant 200 

Nitro-o-phenanthroline 314 
p-Nitrophenyl-azoaminobenzene- 

p-azobenzene 366 
4-(p-Nitrophenyl)-3-methyl-4- 

nitropyrazolone-5 386 
a-Nitroso-B-naphthol 323, 384 
B-Nitroso-a-naphthol 324, 384 
4-Nitroso-2-naphthol-3,6-disul- 

phonic acid, disodium salt 386 
N-Nitrosophenylhydroxylamine, 

ammonium salt 370 
Nitroso-R-salt 324, 386 
Normality of solutions 462 


Octane 334 

Orange G 197 

Orange III 182 

Orange IV 181 

Organic compounds, separation 


Organic reagents 360 


Overvoltage of hydrogen and oxy- 
gen 442 


Oxidation-reduction 
methods, calculations of re- 
sults 125 
reactions 463 
Oxidizing agents 125 
Oxine 378 


Oxygen, overvoltage on the elec- 
trode 442 


Palatine chrome green 222 

PAN 238, 324, 331 

PAR 240, 327, 330 

Paton-Reeder Dye 226, 242 

Pentamethoxy red 180 

ionization constant 200 

Pentaoxy red 180 

3,5,7,2’,4’-Pentaoxyflavon 211, 
382 

Perchloric acid, density and con- 
centration of solutions 167, 
475 

Permanganatometry, calculation 
of results 125 


pH Aes 
colorimetric determination 
9 


electrometric determination 
269 
evaluated in terms of the 
activity of hydrogen 1ons 
252 
precipitation of metal hyd- 
roxides 273 . 
4,10-Phenanthroline 315, 325, 386 
Phenazo 386 
2,4-Phenol disulphonic acid 327 
Phenol red 189, 202 
ionization constant 200 
salt correction 199 
Phenolphthalein 193, 202, 203 
salt correction 199 
Phenolsulphophthalein 189 
Phenosafranine 219, 34 
N-Phenyl-anthranilic acid 314 
Phenylarsonic acid 384 
2-Phenylcarboxylic acid-(1-az0- 
2')-1' ,8'-dioxynaphthalene- 
3’,6’-disulphonic acid-(7'-a20- 
1”)-2"-phenylarsonic acid 368 
Phenylfluorone 330, 384 
9-Phenyl-2,8,7-trioxyfluerone-© 
Phloxine 206 
Phosphoric acid, density and 
poe meuon of solutions 169; 


Photometric methods of determ!- 
ning ions 324 

nee complexone 236, 242, 

Phthalein purple 242 

Picric acid 4177 

Picrolonic acid 386 

Plumbone 246, 392 

2,2'-Potassium bicinchonine 386 

Potassium iodide 322, 328 

Potentials y) 
calomel electrode 271, 27 
decomposition 445 P 
electrode, determination 269 
lonic, cations 30 
ionization 27 3 
polarographic half-waves 40 
ae yorone electrode 2/U: 


Potentials 
reference electrodes 268 
standard oxidizing 300, 476 
Precipitation 
methods, calculation of re- 
sults 129 
Protein error 334 
Propanol 334 
Purpurin 388 
Pyridine 323, 324, 329, 334 
1-(2-Pyridylazo)-naphthol-2 240 
4-(2-Pyridylazo)-resorcinol 240 
a sulphophthalein 
2 


Pyrocatechin violct 242, 330 
Pyrogallol 327, 330, 388 
Pyrogallol red 244 


Quercetin 330, 331 

Quinaldic acid 388 

Quinaldine red, ionization con- 
stant 200 

Quinalizarin 322, 331, 388 

Quinhydrone electrode, standard 
potential 270, 272 

Quinic acid 209 

Quinine 209, 212 

a-Quinoline carboxylic acid 388 


Radioactive elements 21 
Reagents 
density and concentration 
174 
masking 132, 345 
organic 360 
Resorcin yellow 196 
Rhodamine B 322, 388 
Rhodamine S 388 
Rhodamine 6G 219, 390 
Rhodanine 321 
Rosaniline 323 
Rosolic acid 189 
R-salt 241 
Rubeanic acid 390 
Rules 
calculation 11 
Luther’s 478 


Safranine T 318, 329 
Salt correction 

of indicators 199 
Salicyl yellow 195 
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Salicylal-o-aminophenol 390 
Salicylaldoxime 327, 390 
Salicylic acid 206, 325, 390 
Separation of organic compo- 
unds 347 
ees alizarin sulphonate 184, 
Sodium carbonate, density and 
concentration of solutions 173 
Sodium diethyldithiocarbamate 
321, 390 
use in extraction 327 
Sodium ethylenediaminetetraa- 
cetate 130, 368 
Sodium indigo disulphonate 197 
Sodium sulphosalicylate 392 
Sodium tetraphenylborate 392 
Solubility 
in organic solvents 100 
in water 77 
Solubility product 105 
conversion of the pH 252 
Solutions 
geo vapour pressure 
90 


buffer capacity 475 
concentration 470 
density 470 
ionic strength 120 
normality 462 
titre 463 
Solvents 332 
SPADNS 246, 325, 334 
Spectrum wavelengths 320 
SS-acid 243 
pleneant oxidizing potentials 


Standard sieves 402 

Stilbazo 321, 392 

Stilben-2-2’-disulphonic acid-4, 
4’-bis-(azo-1")-2” ,4”-dioxyben- 
zene, diammonium salt 392 

Stilbexone 392 

kas multipliers 70, 

Sulphanilic acid 323 

Sulpharsasene 246, 328, 392 

Sulphonazo 246, 394 

Sulphon-bis-4-hydroxyphenyl-(3- 
azo-2’)-1'-hydroxy-8’-amino- 
naphthalene-3’ ,6’-disulphonic 
acid 246 
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Sulphosalicylic acid 246, 325, 330 
Sulphuric acid 334 
density and concentration of 
solutions 161, 174 


Tannin 394 

Tartrazine 219 

Tetraaminodipheny] 372 

Tetrabromofluorescein 207 

Tetrabromophenolsulphophtha- 
lein 183 

Tetrachloride, carbon 332 

Tetraethyldiamino-o-carboxy- 
phenylxanthenyl chloride 388 

Tetraiodofluorescein 185, 207 

Tetralin 334 

1 aa a eernozyan thraquinone 


3,9,7,2-Tetraoxyflavon 378 
Thiazo yellow 396 
Thioacetamide 394 
Thiocarbamide 394 
Thioglucolic acid 394 
Thionalide 394 
Thionine 317 
Thiooxine 380 
Thiourea 246, 
Thioxine 380 
Thorin 248, 396 
Thoron 248, 326, 330, 396 
Thymol blue 179, 192, 202, 203 
ionization constant 200 
. galt correction 199 
Thymolphthalein 194, 202, 203 
salt correction 199 
Thymolphthalexone 248 
Thymolsulphophthalein 179 
Tin dichloride 328 
Titanium yellow 326, 396 
Titration 
amperometric 408, 426 
calculation of results 123 
index 201 
indicators 472 
Titre, establishment 
o-Tolidine 323, 396 


322, 330, 394 


,o- Trinitrobenzene 197 
,6-Trinitrophenol 177 
»6-Trinitrotoluenc 196 
4-Trioxyanthraquinone 335 
,3-Trioxybenzene 388 | 
! 5-Trioxybenzoy! para-amino- 
benzoic acid 368 
,2°,4'-Trioxy-5-chloro-(1-azo- 
1‘)-benzene-3-sulphonic acl 
378 
2,6,7-Trioxy-9-(4"-dimeth ylam!- 
nophenyl)-3-fluorone 372. 
2,4,5-Triphenylglyoxaline a4 
2,4,5-Triphenylimidazol 214 
Tropeolin G 178 
Tropeolin 0 196 
Tropeolin 00 184, 203, 249 
Tropeolin 000 194 
Turpentine 334 
Tyron 248, 330 


Umbelliferone 210 
Units of energy 446 
Units of power 447 
Uranol 362 


3 
4 
4 
2 
2 
£ 


te 


Vanadicophosphoric acid 334 i 
Vapuur pressure over water an 
over absorbing solutions 4 
Vapours, density 106 
Variamine Blue B 248 
Versene 368 
Victoria yellow 178 | 
Volumetric determination 158 7 
Volumetric-analytical determl! 
nations 
calculation of results 13, 423 
indicators, selection 472 


Water 334 
ionic product 198 
vapour pressure 159 
Wollramite 334 


Xylene 334, 355 

Xylenol blue 180, 192 
Xylenol orange 250, 334 
p-Xylenol phthalein 193 ig6 
p-Xylenol sulphophthalein 


ncon 250 
; non 396 
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